
AD-A128 887 REFRACTIVE NOES 0F ALKAL HALIDES AND TS WAVELENGTH I

AND TEMPERATURE DER..(U) THERMOPHYSICAL AND ELECTRONICPROPERTIES INFORMATION ANALYSIS.. H H LI MAY 75

UNCLASSIFIED CINDAS-35 DSA900-75-C-3951 F/0 7/2 NL~illlll

IIIIIIII

EEEIIIIIEEEEI
EEEEIIIIEEEEEE
EIIIEEEIIEIIEE
IIIIIIIIIIIIhl
EEEEEEEEEEEEE



IIII

i nE

" ..

41
4win

1 1.2

A 11.6-. 1 mm,.



EINOAU
THERMOPHYSICAL PROPERTIES RESEARCH CENTER

ELECTRONIC PROPERTIES INFORMATION CENTER
THERMOPHYSICAL AND ELECTRONIC PROPERTIES INFORMATION ANALYSIS CENTER

UNDERGROUND EXCAVATION AND ROCK PROPERTIES INFORMATION CENTER

REFRACTIVE INDEX OF ALKALI HALIDES AND
ITS WAVELENGTH AND TEMPERATURE DERIVATIVES

By

- H.H. U

CINDAS-EPIC REPORT 1

4 May 1975

Prepared for

OFFICE OF STANDARD REFERENCE DATA
National Bureau of Standards

U. S. Department o Commerce
Washington, D.C. 20234

DEFENSE SUPPLY AGENCY DTIC '
U. S. Department of Defense ELECTEAlexandria, Virginia 22304 MM

._ - -- JUN 0 2 1983"

for pub*ic rele -I ale, IE

CENTER FOR INFORMATION AND NUMERICAL DATA

ANALYSIS AND SYNTHESIS
PURDUE INDUSTRIAL RESEARCH PARK

2506 YEAGER ROAD
WEST LAFAYETTE, INDIANA 4 88 06 01

K -- -i



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (Mahn "aData ere4g__________________

READ UISTRUCTION5REPORT DOCUMENTATION PAGE BEFORE COWMPIG FORM
1. REPORT NUMBER 12 OTACCESSION NO: 3. RECIPIENT S CATALOGHNq8F1R

4. TITLE (and Subtitle) S. yYPE or liPow? & zMIonm~fE
Refractive Index of Alkali Halides and its
Wavelength And ITemperature Derivatives' State-of-th-Art Repor~t

7. AUTNOR(a)a.C4TArofGRN kja-

H. H. Li DSA-900-75-C-395 1

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
AREA a WORK UN IT NUMBERS

Thermophysical and Electronic Properties
Information Analysis Center, CINDAS/Purdue Univ.,
2595 Yeager Rd., W. Lafayette, IN 47906 ____________

ii. CONTROLLING OFFICE NAME AND ADDRESS il. REPORT DATE

Defense Technical Information Center, Defense May 1975
Logistics Agency, Attn: DTIC-AI, Cameron Station, 1S. NUMBER OF PAGES

Alexandria, VA 22314 276_____________
14. MONITORING AGENCY NAME & ADDRESS(if di fferant from Controlling Office) IS. SECURITY CLASS. (of this report)

Army Materials and Mechanics Research Center
Attn: DRXMR-P Unclassified ______

Arsenal Street S.EL SIFCAINDOGRIG
Watertown. MA 02172N/

IS. DISTRIBUTION STATEMENT (of this Report)

Distribution unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, If different from Report)

IS. SUPPLEMENTARY NOTES

(DTIC Source Code 413571); TEPIAC Publication

Microfiche copies available from DTIC

19. KEY WORDS (Continue, on reverse side if necessay and identify by block noinber) *Refractive index-
*Alkali halides ---*Optical constants--Lithium fluoride--Lithium chloride-
Lithium bromide --- Sodium fluoride--Sodium chloride--Sodium bromide-
Potassium fluoride-Potassium chloride-Potassium bromide--Potassium
iodide--Rubidium fluoride--Rubidium chloride-Rubidium bromide--Rubidium
iodide-Cesium flouride --- Cesium chloride--Cesium bromide--Cesium iodide

20. ABSTRACT (Continuew an reverse side It necessary and Identify by block numnber)

-~Refractive index data for alkali halides are exhaustively surveyed,
compiled, and analyzed. Recommended values at 293 K for the transparent region
are generated for the materials for which experimental data are sufficiently

* abundant and reliable. Provisional or typical values are also provided for
the wavelength regions where available data are insufficient or missing.
Reasonable estimations of refractive iil1ov the- very scantily measured
materials were made by incorporating the dielectric constants and wavelengths

D J~A 1473 EDITION oF I NOV as is OBSOLETE FE

SECURITY CLASSIFICATION OF THIS PAGE (When Da te ed).



%9CtsV4TV CLAW~FICATION OF T!M PAGCIbi be Abiuue

20. A _SRC (cant)

of absorption paks into & sIp:lified dispersion equation.

T ser* we rivativa of ref ractIve !nd~x' tour most of 'the iii
I halides were unavailable. However, using the OXisting ata for'ti five

alkali hali4oa, uqvel, empirical facts were discovered ad dnldT forulas
were construct"d for all of the alkali halides. The cacl s dn/dT values
agree remarkably veil with the existing experimental data.

UN*SS1

SRCMIT CLWFCATON F HISPA0(Wm DM XOM



V REFRIACTIVE INDEX OF ALKALI HAIDES AND
ITS WAVE LENGTH AND TEMPERATURE DERIVATIVES

'F BY
H.H. Accession For

NTIS GRAX

FDTIC TAB

Justif ication--

CINDAS-EPIC REPORT 1 Distribution/
Availabilit~ oeMay 1975 Yvai o~desj

Dist Special

Prepaed for

OFFICE OF STANDARD REFERENCE DATA
National Bureau of Stanidards
U. S. Departme* of Conmmerce

Wezhdagtan, D.C. 20234

DEFENSE SUPPLY AGENCY
U. S. Dq;4aW~aCiDd@M.
Alexamlra, Virgt~ 22304

CENTER FOR INFORMATION AND NUMERICAL DATA
ANALYSIS AND SYNTHESIS

Purdue Indstrwa Research Putk

West Lafayste, In1aaa 47906



-Copyrtgbt 0 1975 by the Purdue Research Founation, LabyetO, Indiana

AU right reserved. This work or aq part thereof
may not be reroduoed in azW form wtbwA written
permission of the Purdue R~esearch Foundation.



PRE FACE

This report ampeaedbtElsnkanc Powmcis; ot atmw ( PIC)
of the Center for Inor atio adNmerical Data Analysis MWand bsi (CUMMA).
Pardus Unversity, West Lafayette. Indiana and ban been svpprted jointly by the Office

of Standard Reference Data (OSRD), National Bureau of Standards (NBS), and the Defense
Supply Agency (DSA), U. S. Department of Defense.

To generate reference values on optical constants is one of the data tables activities
of EPIC. This project was chosen not only because it ranked high in the user inquiries
received by EPIC but also because of the expected future demand for such data in view of
the growth of high power lasers and other applications. The materials covered initially
in the optical constants project are the alkali halides. This group is chosen because
they are of great current interest and importance in that they are among the most promising
laser window materials for high power lasers.

This report reviews the recorded world knowledge in a most comprehensive and
detailed form making it possible for all serious users of the subject to have access to
the original data without having to duplicate the laborious and costly process of litera-
ture search and data extraction. It is quite appropriate at this point to mention that only
original sources of data have been used in this analysis. For the active researchers
in the field, a detailed discussion is presented for each material, reviewing the individ-
ual pieces of available information together with the considerations used by the author
in arriving at the final assessment and recommended values.

The effort of literature search for the refractive index of alkali halides has a
cut-off date of March 1975. However, CINDAS monitors and retrieves the world liter-
ature o a continuing basis and the state of knowledge on the refractive Index of alkali
halides is being kept on a current basis, and the recommendations will be evaluated and
revioed whenever deemed necessary.

The author is keenly aware of the possibility of omissions or errors which may
be encountered in a work of this scope. We hope that these faults will not be judged too
harshly and that we will receive the benefit of suggestions regarding references omitted,
improvements in presentation, and, most important, any inadvertent errors.

While the preparation and continued maintenance of this work is the responsibility
of EPIC's Data Tables Division, this work would not have been possible without the direct

input of CINDA8' Scientific Documentation Division. Invaluable suggestions and guidance
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come fron Dr. 1. H. Malltm of the OWtca Physcs Division Inatift for Basic Stand-
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Jofonmation Cedesr, Oak Rp Natioma Laboratory, dlwIvg Sir visits to CBIDAS. A
large part of the da eatraction and oranization mes carried at by Dr. 5. B. Lee.
darluW the early stges of the wrk. Their oomtrlbtions we herehy gratehly ankn1Wled

Y. B. Tonloukian
Director
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V

ABESTUACT

Refractive index data for alkali halides are exhaustively surveyed, conml/ed,

and analyzed. Recommended values at 293 K for the transparent region are generated

for the materials for which experimental data are sufficiently abundant and reliable.

Provisional or typical values are also provided for the wavelength regions where avail-

able data are insufficient or missing. Reasonable estimations of refractive index for

the very scantily measured materials were made by incorporating the dielectric constants

and wavelengths of absorption peaks into a simplified dispersion equation.

Temperature derivatives of refractive index for most of the alkali halides were

unavailable. However, using the existing data for the five alkali halides, novel empir-

ical facts were discovered and dn/dT formulas were constructed for all of the alkali

halides. The calculated dn/dT values agree remarkably well with the existing expert-

mental data.

Key Words: refractive index; temperature coefficient of refractive index; optical constants;
alkali halides
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1. INTRODUCTION

The purpose of this work is to prosent and review the available data and information

on the refractive index of alkali halides, to critically evaluate, analyze, and syhemize

the data, and to make recommendations for the most probable values of the refractive

index, Its wavelength derivative dn/dX, and temperature derivative dn/dT.

The recommended (including provisional and typical) values generated cover

the widest possible transparent wavelength ranges and are for the purest form of each

alkali halide for which measurements have been made. However, for the materials which

have been very scantily measured or have not been measured at all, reasonable estima-

tions are made for wide wavelength ranges.

This work is organized in five distinct sections; namely. an introductory text,

the theoretical background, the data, the conclusions, and the references.

The introductory text describes the general procedures and methods for the

evaluation and synthesis of the available data and for the generation of recommended

values. It also discusses the present status of the experimental data and other consid-

erations concerning the body of data.

In the theoretical background section, the general theory of the refractive index

and its temperature derivative is discussed. Correlations of the dielectric constants

and the refractive index are described. An important result in this work is the discovery

of empirical relationships which enable us to calculate dn/dT data at 293 K for some ma-
terials on which no data are available.

In the data presentation section we treat each material separately, review the

individual pieces of available data and information, and describe the considerations in-
volved in arriving at the final assessment and recommendation and the theoretical guide-

lines or semi-empirical correlations on which the data analysis and synthesis are based.

Figures and tables following the discussions present the recommended values, in addition

to the original data, specimen characterization, sad measurement Information for the

28 sets of the dat xtracted from 100 documents in the primary literature. Distrilmtion

of the available data sets is shown in Table 1.

In the oonluslon, figures are presented In which all the recommnded curves

on the refractive Index, dn/d. and dn/dT are grouped in order to facilitate a vImsW
comperis. The aocomplishments in this work are dismused and the need for to bor

measurements is sugeted.

i
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The last section consists of the source references used in the extraction of data
and/or information. Only original sources of data have been used in the analysis. The

effective cut-off date for literature research was March 1975, while the earliest ref-

erenced source was dated 1874.

For a transparent material, the refractive index, n, is defined as the ratio of

* the velocity, o, of electromagnetic radiation in vacuum to the phase velocity, v, of the

same radiation in the material, i.e.,

n = c/v. (1)

Since the index of refraction of air is only about 1.0003, n is conventionally measured

with respect to air instead of vacuum and no correction is made.

In non-absorbing media, the refractive index is a real quantity, while in absorbing

media a complex index of refraction, N, is used. The complex index is defined as
t

N =n+ iK, (2)

where K is the extinction coefficient or absorption index. Both n and K are frequency

dependent. The real and imaginary parts of the square of the complex refractive index

are the real and imaginary parts of the complex dielectric constant of the material, i.e.,

c = el + ic- = 2 = (n2.- 0) + i 2nK. (3)

The dispersion in an optical material is intimately related to the microscopic

structure of the material. On the short wavelength side, transmission is restricted by
electronic excitation, and for long wavelengths by molecular vibrations and rotations.

The width of the transparent spectral range increases as the energy for electronic exci-

tation is increased and that for molecular vibrations decreased. Theoretical and ex-

perimental studies on the ionic crystals indicate that crystals having small ions with

strong bonding have a wide ultraviolet transparency; this is true for alkali halides.

The alkali halides are typical ionic compounds and their physical properties are

in general well understood. The majority of the alkali halides crystallize in the rock

salt structure in which each cation (alkali metal ion) is surrounded by six nearest-neighbor

anions (halogen ions), and each anion by six nearest-neighbor cations. The cations and

anions are each situated on the points of separate face-centered cubic lattices, and these

two lattices are interleaved with each other. This type of crystal is called the p-form.

A few of the alkali halides normally crystallize in a slightly different nt, typ-

Ifted by the room-temperature structure of cesium chloride. n this stmwu4e each

cation is surrounded by eight nearest-neighbor anions and conversely. The cations and

~ -. i
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avione In. ths stucture may be oowsid~rd to ooouW resectvely th poit of two iWar-
penetrating simple cubic lattices. This type of crystal Is celled the a-form. A few
ph~ysical properdtio alkali-halide crystls are listed in Table 2.

In order to utlize any dispersive meditum, opeotrospa t must have &knowledge
of the index of retnwtion and dn/dX for all wavelengthe transmitted by tdo medium. Such
data are also usefu to phsicists for evaluating theoretical dispersion equations and for
studying the forces between the constituents of the crystal. The alkaline halide, baviag
the cubic structure, are flvorable subects for such studies.

In Fig. 1, we show a scemuatic view at the absorption spectrum of a typical alkali-

haide crystal. At the righ (.40 pnn) are seem the absorption peaks associated with
optical jihomoms while nearer to the left ('..0. 15 Ig) are seet the absorption peaks asso-
ciated with eacitos. In the transparent regts. between these extremes the crystal
absorbs little light and has a dispersion which can be characterized by a hlgh-freqiency
dielectric constant c~ nv 0 2, where no is the refreactive index at short wavelength. In
absorbing regions of the spectrum, the imagnary part of c is non-zero. Both the real
and imagiary parts of c can be obtained from the exeimenta reflectivity (preferably
over a wide, rampe of wavelengths) and the use of the Krameru-Kronig relation or the
Lormmtz oscillator model. In optical technolog, the refractive index is nede id only for
the transparent region of the material. One does not have to carry ot a complicated
analysis and calculation to obtain the refractive, Inex Direct methods awe available for
high precision mesemats 7Um ihoumeiato mto i mily u seto tAin

Altugh alkai halides are, in principle, good optical materals only five of
them (LWF, ?4aCl, KC, K~r and Cal) are commonly used because the ethers lack
mechanical strength or are chemically or thermally unstable.

The applications of high-pow infrared laser, which are wm being dseeloped
at a rapid rat, are partly limited by the lack of suitable transparent apoi*c materials.
As a result, umuch of Mhe high-power lase research is directed toward Bading adequate
high -emerar window, and dome maeials In the wavelength reglon of 2 pa to 6 pa
and near 10. 6 WL The alkali halides have large transmission ranges spreading from
the ultraviolet to the lafred and are available In large aime and high pwriy. Tbey
a"re 614 acll st tria for photceit whTo are interested In Ultraviolet I ansarmm

andhrlaersceniss hoar cncrnd it ifrre tmamleim.haspins f ~r
intiic weavsk ss they are considered good window materials and ane --ed

Mll - -. .
4 -~ ~a
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by the National Materials Advisory Board (III in 1972. Efforts are being made to im-

prove their meolnical strength and thermal endurance without altering their optical

properties, particularly the refractive index.

The refractive index of alkali halides and its temperature derivative have been

surveyed and studied from time to time by a number of investigators, includingSmakula

121, Ballard (3), Coblentz [4], and Winchell [5], to name just a few. Refractive index

data are compiled in a number of handbooks such as those sponsored by Landolt-B.rntein

161, AIP 171, and CRC 18], etc. However, their main concern is to provide a general

picture through a few particular sets of data. The purpose of the present work is quite

different from that of the above-mentioned works. It has two major aims: (1) to ex-

haustively search the op-. jiterature so that a complete comprehensive bibliographic

reference is compiled, and (2) to generate recommended values based on the existing

experimental data on the refractive index and its temperature derivative, dn/dT, so

that critically evaluated numerical data are available for scientific and engineering use.

Scanning the open literature one finds that in most cases the measurements of

refractive index were carried out at various temperatures and reduced to a reference

temperature chosen according to the investigators' preference. Unfortunately, the tem-

perature derivatives of refractive index for alkali halides are in general either only

partially measured or not available. Therefore, it is highly desirable to reduce the

existing refractive index data and present them at a uniform reference temperature.

It is also important that the temperature derivative of refractive index be made available

in the form of a function of wavelength constructed from existing dn/dT data and theory,

so that the users can easily calculate the required values over'a limited range of tem-

perature.

The first task in generating recommended values was to analyze the data on the

temperature derivative of refractive index. With the analyzed values of dn/dT, all the

refractive index data were then reduced to the reference temperature of 293 K chosen

for the present work. The corrected data were then subjected to evaluation and critical

selection. Least-squares fitting of the selected data to a given equation was then carried

out.

Reommended values for refractive index and the corresponding wavelength and

tm rature derivatives, dn/dX and dn/dT, are calculated from the correlating equations

where muffietest exprimental values are available. However, for the region where

I Figures in brackets indicate literature references at the end of this paper.
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experimental evidence is etther insuffctent or poor, only provisional or typical values

are provided. Data are presented at Integral wavelengths with small inreants for the

transparent region. Intermediate values can be obtained by the following llzUns Inter-

platiom:

(4)
+(d X (r -T).

The second expression in Eq. (4) in based on the fact that dn/dT is relatively independent

of temperature over a fairly wide range of temperatures. However, the application of

this expression should be limited to the temperature range 293 +- 50 K.

No attempt was made to analyze the refractive index data obtained at temperatures

other than near room temperature, since the required data are generally inadequate.

However, information and results belonging to this category are listed along with those

at room temperature for the purpose of comparison and completeness. Moreover, some

of the important physical parameters essential for the calculation of refractive indices

at low temperatures is also given in a latter section.

Inherent in the character of this work is the fact that we have drawn most heavily

upon the scientific literature and feel a debt of gratitude to the authors whose results

have been used.

a .
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2. THEORETICAL BACKGROUND AND EMPIRICAL RELATIONS

The study of the propagation of light through matter, particularly solids, comprises

one of the important and interesting branches of optics. The many and varied optical

phenomena exhibited by solids include selective absorption, dispersion, double refraction,

polarization effects, and electro-optical and magneto-optical effects. Many of the optical

properties of solids can be understood on the basis of classical electromagnetic theory.

The macroscopic electromagnetic state of matter at a given point is described

by four quantities:

(1) The volume density of electric charge

(2) The volume density of electric dipoles, called the polarization

(3) The volume density of magnetic dipoles, called the magnetization

(4) The electric current per unit area, called the current density

All of these quantities are considered to be macroscopically averaged in order to smooth

out the microscopic variations due to the atomic makeup of matter. They are related

to the macroscopically averaged electric and magnetic fields by the well-known Maxwell

equations [1141.

Detailed discussion of Maxwell's equations is beyond the scope of the present

work. What we should bear in mind is that the general solution of Maxwell's equations

is a wave function for electric or magnetic field. In the treatment of the interaction of

light and matter, the light is considered as an oscillating electric field that engulfs the

component moelcules of matter. Each of the molecules may be considered to be a charged

simple harmonic oscillator. When these component oscillators are driven by the engulf-

ing electric field of light they become excited by that field and emit Huygens-like spherical

wavelets. In the early development of the theory of propagation of light in matter, there

was no practical alternative to treating the matter as a collection of charged harmonic

oscillators subject, perhaps, to damping forces. Fortunately, the modern developments

in the theory of matter and its interaction with radiation have shown that this simple model

has broad utility, and that it can be employed in the discussion of refractive indices.

In this section, only a brief review of the theoretical background on the refractive

index and its temperature derivative is given. A two-oscillator model is used to esti-

mate the refractive index for those materials on which the index is available only at a

single wavelength. Effort was largely concentrated in finding means for estimating the

dn/dT data for the materials without available data. Empirical evidence was found and
formulas were constructed and used to make reasonable estimate for dn/dT.
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2.1. Refractive Index

Maxwell's theory gives the relationship

n =1+ P, (5)

where n is the refractive index, c the dielectric constant, and P the polarizability. If one

treats the material as equivalent to a collection of harmonic oscillators resonant to radi-

ation of various wavelengths Xi, one can derive [114] the equation

n2 -1- E , (6)
i

where X is the wavelength of the incident radiation, and ci is a constant which depends on

the number of oscillators per unit volume and the "oscillator strength" of the oscillators

resonant at wavelength \i. Equation (6) is generally called the Sellmeler formula. It

can be derived by modern quantium theory from more sophisticated models of the solid,

with >i denoting the wavelengths of the various absorption bands of the material.

For the transparent region, it was traditionally believed that the dispersion formula

of the Sellmeier type best fits the alkali halides. The consequence oi this was that most

of the early experimental workers adopted Eq. (6) with the X's and cl1 s as adjustable

empirical constants chosen only to fit the data, with no other experimental and theoret-

ical basis. Nevertheless, this equation, if used correctly, gives a good deal of information

concerning the position of absorption band, oscillator strength and the dielectric constant

for static field, (s"

For the transparent region, Eq. (6) can be written as

(= n2 =1+ 1 - + .X (7)

Terms in the first summation are contributions from the ultraviolet absorption bands

and those in the second from the infrared absorption bands. In the infrared region, how-
ever, the Xis of UV absorption peaks are much less thanX and Eq. (7) is reduced to

b X2
C uv+  (8)

where C luv I+ a I Ca - b is the high-frequency dielectric constant.



Real crystals are neither perfectly linear dielectrically, nor are they perfectly

harmonic. The effect of non-linearity and anharmonicity is to introduce a damping

term [131. Equation (8) is extended to become

b X,
+C2 Cuv + (9)

), - - i YX

Equation (9) is widely used in investigating the infrared optical properties of ionic

crystals [14-161. Since the present work deals with the transparent region of alkali ha-

lide crystals, this equation is not adopted in the analysis of the refractive index data.

The Sellmeier formula with some modification is used.

In an ideal application of Eq. (7), one would need to know the wavelength of all

of the absorption peaks. This is impossible in practice as the number of absorption

peaks is infinite. In fact, only a few absorption peaks are accessible for experimental

observation. In order to include the effects due to unobserved absorption bands on the

refractive index in the transparent region, an equation similar to Eq. (7) is used to

interpret the experimental data:

a.X 2  b.X 2

n2 =A+y x2  2 + 2 . , '10)i X1

where )iis and X j's are the observed wavelength of absorption bands. A is a constant

which equals the quantity 1 + iak where akis are the coefficients of the ultraviolet terms

Z a k 2/( x_-Xk2) with ,k's much smaller than the wavelengths in the transparent region.

the infrared region, the dominant contribution to the refractive index in the transparent

region comes from the fundamental absorption band while other absorption bands contribute

little effect on the refractive index in the transparent region. As a result, in most cases,

only one term due to the predominant contribution is included in Eq. (10). The relation-

ships between the dielectric constants and the coefficients in the dispersion equation remain

with no change:

Cuv =A+L ai, (11)

and
an = A + Ta i + EbJ. (12)

Fortunately, a wealth of experimental data on cuv (I X,, and is available for

alkali halide crystals. In some cases, good values of a and b are also available to initiate

a least-squares calculation. Table 3 displays all the selected values of available parameters.

I.1
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The available values of (1/),) (d ,/dT) are also listed for calculation of the temperature

derivative of the refractive index. In addition, the available values of damping factors,

yj in Eq. (9), are also included for the purpose of completeness.

For some materials, experimental data on n are insufficient to perform the least-

squares fitting. Examples are LiCI, LiBr, CsF, for which n has been measured at only

a single wavelength, that of the sodium D line. For such cases a means should be developed
to obtain reasonable estimates by use of the available data for other properties which are

intimately related to n. The following simplified equation (two-oscillator model) of the

Sellmeier type is proposed for this purpose:

((Cs -A)X1 (c -UV) \2

n _ -- A + + v (13)x2-k 2  X 1,

where A is an adjustable parameter, Xu the unweighted averaged value of the wavelengths
of the ultraviolet absorption peaks, and 11 the wavelength of the fundamental infrared

absorption peak. The adjustable parameter A in Eq. (13) can be determined even if

only one measurement of n is available because the quantities Cs, eur , and I are

available (see Table 3).

Note that in the present work no attempt was made to analyze the refractive index

data other than those obtained at temperatures near room temperature, because of insuf-
* ficiency of data. However, information and data belonging to this category are listed

*along with those for room temperature (see Section 3). In the far infrared region, the

refractive indices at low temperatures are usually derived from the analysis on the

reflection spectra. The static and high-frequency dielectric constants and the wavelengths

of absorption peaks at low temperatures are either found by these analytic calculations

or by direct measurements. In order to facilitate the calculation of the refractive indices

at low temperatures, we have listed in Table 4 the up-to-date values of important physical
parameters which are essential in constructing the dispersion equation at low temperatures.

2.2. Temperature Derivative of Refractive Index, dn/dT

For users of the refractive index, information on the temperature derivative, dn/dT,

is indispensable. The temperature dependence of the refractive index of crystals is of con-

siderable interest in connection with a wide variety of optics applications. In the area
of high-power lasers, dn/dT plays an important role in thermal lensing problems. A

great deal of research effort is spent in finding the magnitude of dn/dT and its frequency

dependence in the laser wavelength regions.
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TABLE 4. SOME USEFUL PARAMETERS FOR DISPERSION EQUATIONS OF
ALKALI HALIDES AT LIQUID HELIUM TEMPERATURE

ab a
a ~uV

LIF 8.50 1.93 31.45 0.0724

LiC 10.83 2.79 45.25 -

LIBr 11.95 3.22 53.48 -

ULi 3.89 66.01 -

NaF 4.73 1.75 38.17 0.0808

NaCI 5.43 2.35 56.18 0.1169

NaBr 5.78 2.64 68.49 -

Nal 6.60 3.08 80.65 -

KF 5.11 1.86 49.63 -

KCI 4.49 2.20 66.23 0.1101

KBr 4.52 2.39 81.30 0.1305

K1 4.68 2.68 91.32 0.1598

RbF 5.99 1.94 61.35 -

RbC 4.58 2.20 79.37 -

RbBr 4.51 2.36 105.82 -

RbI 4.55 2.61 122.70 -

CsF 7.27 2.17 74.63 -

CsCi 6.68 2.67 93.90 -

CsBr 6.38 2.83 127.39 -

CsI 6.32 3.09 152.67 -

a Sttic dielectric constants and the wavelengths of transverse

phounonare taken from Ref. [21).
b Hgh-freiuency dielectric constants and )u are taken from

Ref. (13).

7



With regard to the thermo-optical behavior of the alkali halides in general, the

existing data are not so useful as might be expected. Although a sizable body of exper-

imental work on dn/dT exists, much of the data is concentrated in lImited spectral regions,

usually in the visible and near ultraviolet. Useful data outside these regions, especially
in the infrared, are very often unavailable--a very discouraging fact to workers in laser

research. It is, therefore, highly desirable to obtain a theoretical prescription which

allows prediction of dn/dT over a wide range of wavelengths, based on at most a small

number of known measurements.

Ramachandran [17] presented a semiempirical theory of thermo-optical effects

in crystals, in which the dispersion was fitted to experimental data, employing a series
of oscillator frequencies and strengths as adjustable parameters. A close correlation

was found between temperature shifts of various parameters and those of the fundamental

oscillator frequencies. Unfortunately, the parameters chosen were rather numerous

and often physically obscure or not unique; no general prescription was presented for

determining their temperature variations, which are necessary for calculating dn/dT.

Tsay, Bendow, and Mitra (181 Introduced a two-oscillator model which accounts for the

variation with temperature of the energy gap (electronic contribution to dn/dT) and the

fundamental p1honon frequency (lattice contribution to dn/dT). Although this model is

useful in predicting valuable information, it fits the existing data rather poorly and is

Inadequate for generating recommended data. A somewhat modified approach is to form-

I ulate a semiempirical equation which serves the dual purpose of giving a good fit to
existing data and a reasonable prediction of missing information.

For the transparent region where absorption can be ignored, the dispersion equation,

Eq. (10), can be rewritten as

n2 - 1 = B + -(14)

I >2, -)

where B = A - 1. if one differentiates Eq. (14) with respect to temperature, one can

arrive at the equation

2n dn= d r +E 2 K1  (15)

since Ki1 may be written as 91 NXK2, where N is the number of oscillators per unit volume,

and both N and X are functions of temperature [1081. Since
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I dN 1dV3 ~(6

where toL the linear thermal expansion coefficient, Eq. (15) may be written:

where C in effectively a constant over a limitd tmperatutre range and

=-y

To this point, we have followed Ramachandran (171 closely. The second term on the
right side of Eq. (17) expresses the change in refractive index resulting from a change

in dmsity, while the remaining terms give the change due to the shifting of the absorption

bands with temperature.

In the following development, we will modify Eq. (17) to an empirical form which
resembles Tsay's (181, but with adjustable parameters. As in arriving at Eq. (13), we

replace the sum in Eq. (17) by two terms, one representing the effects of the bands in

the ultraviolet region, associated with a mean wavelength XU, and the other arising from
the fundamental infrared absorption band of wavelength ) I. Thus Eq. (17) is simplified to

2n C=-3&Z(n - 1 ) +A o F X ' + F.X I (' ") (19)on replacing C, 2Ku ('/XU) (dX,/dT). and VbyAO, A,, and A2, We have

(x'-A!2 ) W -x 2) I (19

Since the quantities K , Xr, and (1/A) (di/dT) are experimentally available, this leaves

in Eq. (19) only three adjustable parameters, AO, A1, and A2.

Although the adjustable parameters in Eq. (19) can be determined by a small
number of experimental data, a wide wavelength range of the input data is required. Un-

fortunately, this condition is not satisfied by the existing data on the dn/dT of alkali halides.

In fact, dn/dT has been measured for only seven of the alkmli halides, in the following

ranges.

LiF 0. 20- 1.08 ;on and at 3. 5n

Nap 0.21- 1.08 sm and at 3. 5 ym and 8.5 pm
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NaCI 0.21- 8.85 pm and at 10.6 ;on

KCI 0.21- 8.85 pm and at 10.6 pm and 21.0 om

KBr 0.26- 1.08 Iom

KI 0.25- 1.08 ;jm

CsI 0.30-46.24 Onm

It is clear that meaningful least-squares calculations can only be carried out for the five

materials (LiF, NaF, NaC1, KC1, and CsI) for which the available data cover a sizable

wavelength range. In the process of calculation we have found two empirical facts which
gave clues to further reduce the unknown parameters in Eq. (19). The first is that the

parameter A2 in Eq. (19) turns out to be very close to the square of the wavelength of

the UV absorption peak nearest the transparent region. The second relates to the quantity

(1/Xu) (dXu/dT) = A1 /2C . In the case of NaF and NaCl this does not depend on the halideu
involved; a result that will be assumed to hold for the other alkali halides. This idea

is also supported by the fact that a log-log plot of (1/Xu) (dxu/dT) against the atomic

number Z of the alkali ion is a straight line, as shown in Figure 2, despite the variety

of halide ions involved. This figure shows that (1/>,u) (dXu/dT) and Z are connected

by a power law, and thus, indicates a resonable value for the former quantity in the

case of Rb (as shown in the figure), for which a more direct determination is not now
available. Only one unknown parameter, A0, in Eq. (19), then remains to be found In

, order to make a meaningful estimation for those materials on which no experimental

data are available. This problem is solved and discussed in the next paragraph.

At an intermediate wavelength, X, in the transparent region, the contribution
from the infrared is negligible and A 2 is much smaller than X2. Equation (18) can then

be reduced to
dnd

2n = -3m (n2 -1) + A0 + 2 (4uv-1) ( u X-U" (20)

By treating the variation in index as due entirely to the change in density except at the
extremes of the transmitting range, we define an effective linear thermal expansion

coefficient o? such that

2n dT = -3.n -1). (21)dT n

4 The values of a' for LIF, NaCl, KC1, and CsI were evaluated at wavelength 1 1Lm. It is

4 interesting to find that the ratio, d/C4 is linearly related to the atomic number of the
positive Ion of alkali halides, as shown in Figure 3. The constant A0 in Eq. (20) can

be calculated by combining Eqs. (20) and (21):
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With these empirical finding we are in a position to oomtruct fornmla at the form ci

Eq. (19) to calculate dn/dT for all alkali halides over a wide raWe of X.

For convenience, we display in Table 5 all the necessary paramstr values for

constructing dn/dT formulas, although some of the parameters are already isted in
Tables 2 and 3.

In view of the scantiness of dn/dT data and the non-unique temperature for ob-

servation, the dn/dT values calculated by the formulas consturcted in this way agree

remarkably well with the available data, as one can see in the next section. The pre-

diction made for an unmeasured material can be considered as reasonable estimation.

Here it should be emphasized that the dn/dT formulas developed in this work are only
valid at 293 K. However, it seems reasonable to apply them in the range 293 : 50 K.
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3. NUMERICAL DATA

Reference data are generated through critical evaluation, analysis, and synthesis

of the available experimental data. The procedure involves critical evaluation of the

validity and accuracy of available data and information, resolution and reconciliation of

disagreements in conflicting data, correlation of data in terms of various controlling

parameters, curve fitting with theoretical or empirical equations, comparison of resulting

values with theoretical predictions or with results derived from semi-theoretical relation-

ships or from generalized empirical correlations, etc. Physical optical principles and

semi-empirical techniques are employed to fill gaps and to extrapolate existing data so

that the resulting recommended values are internally consistent and cover as wide a
range of each of the controlling parameters as possible.

No attempt was made to analyze the thin film data and the reststrahlen region
results because of scantiness of reliable information. However, experimental data of

this sort are also presented in taa tables along with those for the transparent region.

The compilation contains a number of figures and tables of refractive index and

its derivatives as a function of wavelength. The conventions used in this presentation and

special comments on the interpretation and use of the data are given below.

The refractive index of alkali halides and its wavelength and temperature derivatives

are presented according to the material order listed in Table 1. Original data are tab-

ulated as they appear in the literature. However, energy expressed in units of wave

number or electron volt was converted in all cases into wavelength in units of gm.

In all figures containing experimental data, a data set is denoted by a ringed number.

These numbers correspond to those given in the accompanying tables on source and tech-

nical information and experimental data. When several sets of data are too close together

to be distinguishable, some of the data sets, though listed in the table, are omitted from

the figure for the sake of clarity. For each of those omitted data, an asterisk is placed
after the value in the experimental data table. The much heavier curves drawn in the
figures represent the proposed values of the property. These heavy curves may be con-

tinuous, short-dashed, or long-dashed. Heavy continuous (solid) curves properly labeled

represent recommended reference values or provisional values. A--ompsnying sections

of short-dashed curves represent values in the wavelength ranges where no experimental

data are available. In some instances, where the specimen cannot be uniquely characterized
to correspond exactly with the calculated values; in such cases values considered as typical

are represented by heavy long-dashed curves.

rnr -
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For the index n and do/dT figures, the wavelegth is. plotted on a lolrithic male
in order to cover a wide wavelength range in a single plot. For the dn/dX figure, both

dn/d)X and )L are logarithmically plotted. For the four materials LiF, NaCI, KCI, and

KBr, the refractive index data for the transparent region are replotted on an enlarged

scale in order to show the details in the variation of the property.

The tables on source and technical information give for each set of data the

following information: the reference number, author's name (or names), year of pub-

lication, experimental method used for the measurement, wavelength range covered by

the data, temperature of observation, and description and characterization of the spec-

imen and information on measurement conditions that are contained in the original paper.

In these tables the code designations used for the experimental methods for refractive

index determinations are as follows:

D Deviation method (prism method)

P Pulfrich refractometer (right angle prism)

I Interference method

T Transmission method

R Reflection method

M Immersion method

L Multilayer method

F Focal length method

For a comprehensive yet concise review of all these methods, the reader is referred

to the text in (3] and [41.

For some materials, dispersion equations have been proposed in a number of

earlier works. In such cases, a table listing a few typical proposed equations is given.

J All equations are converted to the form of Eq. (10) whenever possible so as to facilitate

a visual comparison. This table is by no means an exhaustive collection; however, it

gives the reader a general picture on the evolution of the dispersion formula used in the

calculation of the refractive index.

In the tables of recommended (including provisional and typical) values, the values
are presented with step-wise increasing increments in wavelength. The magnitudes of the

increments vary with the slope and curvature of the curve to facilitate linear interpolations.

4i~- - - - - -

-I-
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The following scheme is uniformly adopted for this presentation.

Wavelength range Increment

< 0. 30 pm O. 002 pm

0.30- 0.40 ;an 0.005jm

0.40- 0.60 gm 0.01 gm
0.60- 1.00 pm 0.02 pm

1.00- 5.00 jan 0.05jum

5.00-10.001im 0. 10 Jm

10.00-20. 00 W 0.20 m

> 20. 00 1 0. 50 Pm

In the tables, values for each property are given to the same number of decimal places

in order to show the variat'on of the property and for tabular smoothness; this should not

be interpreted as indicative of the accuracy of the values. The uncertainties of the tab-

ulated values on the refractive index and dn/dT for each material in different wavelength

ranges is given in the discussion pertaining to the material. In connection with this, the

tabulated values are classified as "recommended values", "provisional values",or "typical

values". The criteria of the classification depend upon the level of confidence of the values

as given below.
Uncertainty range Classification

For refractive index:

<O. 005 recommended

0.005-0.02 provisional

:0.02 typical

For dn/dT (in units of 10- 5 K- 1 ):

0.3 recommended

0.3-0.9 provisional

0. 3 typical

It should be noted that recommendations are made only for the bulk material at 293 K in

the transparent wavelength region.

In general, refractive indices obtained by the deviation method are reported to the

A fifth or sixth decimal place. However, detailed composition and characterization of the

specimens are usually not clearly given by the researchers and impt-rities in the sample

( and conditions of the surfaces are decisive factors affecting the observed results. There-

fore such highly accurate data can not be applied to a sample chosen at random. For this

reason we do not attempt to recommend any particular set of data with the reported high
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accuracy, but to generate the most probable values for the pure crystals. As a result,

the estimated uncertainties for the recommended values on the refractive index are higher

than those of the reported data obtained by high-precision measurements. In this work,

the highest estimated accuracy of refractive index is to the fourth decimal place.

In each of the next twenty subsections, data and information on an alkali halide

are presented in this order:

a brief text discussing the available data,

a table of recommended (including provisional and typical) values on n, dn/dx,
and dn/dT,

a figure of n (sometimes two figures for clarity),

a figure of dn/dX,

a figure of dn/dT,

a table of source and technical information,

a table of experimental data on n,

a table of experimental data on dn/dT (if any),

a table for comparison of proposed dispersion equations (if any).

I

I

- _ _ _
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3.1. Lithium Fluoride, LiF

Lithium fluoride is transparent from 0.12 to 9.0 ;#n. In the region 0.25-4.5 ,um

the dispersion is low and transmission is high. Less transmission and higher dispersion

are found in the low ultraviolet and the infrared. In the low ultraviolet, optical compon-

ents must be made very thin in order to obtain maximum transmission. Selected specimens

of lithium fluoride, in moderately thin pieces, may be expected to transmit several per-

cent of the light down to wavelengths as short as 0. 11 #Am. Impurities in the crystal,

poor polish, and layers of foreign material on the surface may reduce the transmission

in the Schumann region down to a negligible quantity. In the infrared, transmission be-

gins to fall off rapidly at 7 pm, and a prism is useful to 5 jAm.

Optically speaking, lithium fluoride closely resembles calcium fluoride. How-

ever, lithium fluoride is preferable to calcium fluoride for use in prismatic form because

of its much greater dispersion in the infrared and greater transparency in the extreme

ultraviolet.

Unlike the other alkali halides, lithium fluoride is practically insoluble, and

advantage is taken of this fact in the purification of the salt. High purity single crystals

of lithium fluoride up to 4 kg in weight are grown by Harshaw Chemical Company and

are available for making optical components in various sizes.

Measurements of the refractive index of lithium fluoride date back to 1927. The

existing data cover a spectral range from 0.00236 to 600 Win and at 2000 jAm. Based on

the optical behavior of the material and the experimental techniques, these data fall quite

naturally into two categories: the transparent region (-0. 11 to -..9. 0 Pm) and the absorp-

tion regions (<0.11 and >9.0 pim).

For the transparent region, since large sizes of LiF are easily obtained, the

deviation method is commonly used with the sample in prismatic form. This method was

adopted by a number of researchers: Gyulai [271 in 1927, Schneider [28] in 1935, Hohls

[291 in 1937, Harting [30] in 1943, Durie [31] in 1950, and Tilton and Plyler [32] in 1951.

The deviation method, though the oldest, is often considered as the most accurate; less

accurate data can be obtained by the interference method.

Due to the high absorption in the low UV and far IR regions, the deviation method

and interferometry cannot be used. Refractive indices are obtained either by measuring

transmission of thin films or by theoretical analysis of the reflection spectra from the bulk

material. Rough data may be due to difficulties in thin film preparation and inaccuracy in

the reflectivity measurements. While numerous publications are available for the refractive
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index in the IR regions, only three sets of data exist in the low UV regions, for 0.00236-

0.0113 m, 0.0496-0.1771 ;Am, and 0. 0898-0. 1240 on. Collectively, these works give

a spectrum of the refractive index of LiF from 0.00236 Am to 2000 Am.

Data obtained by deviation and interference methods are chosen for our data analysis

and evaluation. Among the chosen sets, those measured by Tilton and Plyler [321 and

Harting [301 are reliable, and heavy weights are therefore assigned to them. The accuracy

of the values reported by Gyulai [27J is one unit in the third decimal place, although his

values are given to the fourth place for the purpose of tabular smoothness. Hohls' data

in the region 5. 48-11.62 pm are for thin films, resulting in large uncertainties because

the properties of thin films are not unique, but vary widely with surface conditions, the

process of preparation and the aging of the film specimens. Schneider's data [28] are

extracted from a figure, with uncertainties depending on the operator's judgment, and

resulting values that may be either consistently high or low. Data sets with large un-

certainties are assigned low weights.

Since the selected data sets were measured at various temperatures, corrections

should be made to reduce all of the data to 293 K. Not much dn/dT data are available;

however, the results of the least squares fitting of the dn/dT data to Eq. (19), together

with the results obtained for NaF, NaC1, KCI, and CsI, lead to the parameter values

listed in Table 5. This enabled us to construct the following expression for dn/dT in

units of 10- 5 K-t, valid in the temperature range 293 ± 50K:

dn __ 2.09_____ ____ .86____

2n d- = -9.96 (n 2 -1) - 8.13 + 12.09 + 184.86), 4  (23)
(UT 0.00544)2 (X2 - 1075. 18)2

where X is in units of gim. Close agreement of the values calculated by this equation and

the experimental data can be seen in the dn/dT figure. By use of this equation, the

refractive index data obtained at temperatures other than 293 K were reduced to 293 K,

allowing construction of a dispersion equation for LiF.

Dispersion equations for LiF were proposed from time to time by a number of

authors and appeared in different forms. Table 10 lists the dispersion equations in

chronological order, to facilitate a close comparison and reveal clues for choosing initial

parameter values for iterative fitting calculations. The other necessary input parameters

can be found in Table 3. With the aid of the available information, least-squares fitting

of the reduced data to the form of Eq. (10) was readily carried out and resulted in a

f dispersion equation of LiF at 293 K in the wavelength region 0.10-11.0 jm.

Sl i L J
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n 2 =1~ 0. 92549 X2 + 6.96747 ) 2
X2 - ( .07376)2 + -(32.79) 2  (24)

where X is in units of pm.

Equations (23) and (24) were used to generate the reference data given in the

table of recommended values. The values of dn/dX were simply evaluated by the first

derivative of Eq. (24). Although the values of n are given to the fifth decimal place

and dn/dT to the second, they do not reflect the degree of accuracy and the extent of re

rcliability. They are so given simply for smoothness of tabulation. For the proper

use of the tabulated values the reader should follow the criteria given below.

For refractive index:

Wavelength Range Meaningful Estimated
(JWm) Decimal Place Uncertainty, ±

0.10- 0.15 2 0.01
0.15- 0.25 3 0.001
0.25- 0.35 4 0.0005
0.35- 3.00 4 0.0002
3.00- 5.00 4 0.0005
5.00- 7.00 3 0.001
7.00-11.0 3 0.006

For dn/dT:

0.10- 0.15 1 0.9
0.15- 2.00 2 0.2
2.00-10.00 2 0.3

10.0 -11.00 1 0.9

I

_________________.. ... ______________ ___________________
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TABLES. RECOMMENODED VALUKO ON THlE REFRACTIVE I*=~ AND flU WAVELWIMT AMW
TEUPRRATIIJN DZMIATWZg 1(3 UI AT 2" Z4

SAW6 bier4 0r04

is imo ats~ .; 0.111 a.4kisu 6.418610 -1.11 6.4.66 1.396 8.862i -1.64
6.. .16 2132 7.408 8.222 161M2 0..6$414 -1.13 6.4.16 &*Slosh4. 667 .1.641

1-194 1.691ye SWIMa 6.58 8-214 1-1% 6.31563 *s14% 0.8622 1.3agna G.6IS1 -I-?$
6.166110 s ~o~ 1.616 100] .1 *.u.6 a.04?s 3.3460 -1.16 6.43 1.1978? 8.1031 .y1
6.140 9.65363 6.94169 6.16 0.236 1.02595 6.3126 .1.1? 064 1.3906 6.04664 -1.72

3.116 1.63763 7.6271% 1,..6 6.228 1.14f522 0.31664 -1.19 6408 1.3913 6.044384 -1.7 3
6.112 1.6234. 6.66641 4.19 0.232 1.4285O06.3%136 -1.g6 0.466 1.30410 4.8411a -1.73
6.114 1.69992 6.21634 3.92 6.23. 1.42331 0.34133 -1.31 0.4.13 1.8969 1.83671 .1.%
6.116 1.59666 166993 3.t 3.236 1.12314 somas6 -1.23 0.4.60 1.3,13 O.SW4'4 -1.75
@-Ste 1.56711 6.3219t 2.9! 6.238 1.42248 1.32241 -1.3. 0.4.96 1.394?? 0.83440 -1.79

1.070 1.57719 4..77319 F.63 6.24.6 1.'.2169 6.31349 -1.25 1.500 1.39444 6.03211 -1.76i
61? 1.96?99 4.39399 2.39 9.212 1.4.2123 0.34491 -1.2F 0.110 1.39412 61.0337? -1.7b
6.7.1.55955 64!16~16 2.1( 0.21 1.4.2063 0.296641 -1.30 0.523 1.39282 6.0918 -1.77
6.2 .97. 3:79h:96 1.6; 6.216 1.4.20614 6.26669 -1.39 6.530 1.1345 6.02773 -1.77

6126 1.5.4.50 5.4.64.92 1.6 .2406 1.14194?7 8.28162 -1.36 31.0 3.3931? 0.02b3. .1.76

0.130 1.53778 3.21.197 t.49 6.2S6 1.4.1892 6.2M33 -1.31 6.590 1.39261 6.02559 -1.76
6.132 1.93152 3.622(1 1.31 0.25? 1.4.1636 C.26fiS2 -1.32 C.560 1.3927 0.123S) -1.?*
8.19'. 1..S6 2.6231 1.16 0.2S4 S.11065 0.r9963 -1.J3 0.676 1.39253 4.02281 -1.79
I.136 1.5262t 12.64336 1.31 6.296 1.4173. 6.29299 -1.3. 6.66 1.39131 $.$21ag -1.79
9.11q 1.51549 2.4.706 6.66 1.2!8 1.4.184 0.2t.259 -1.35 6.690 1.39310 6.02092 -1.79

6.11.6 I.910?9 2.326(1. 1.75 5.2(6 1.4.1e15 0.141 . 1.3e 0-603 1.39189 0.80L16 -1.60
6.142 1.9577T 2.191(2 0.66. S-262 1.4.1588 9.23444 -1.3? 11.620 1.39191 6.0611 -1.0
3.144 1.5015? 2.6146 1.53 6.2(1 1.11142 4.22CF? -1.38 0.61.0 1.39115 0.01716 -1.01
6.14. 1.'.9rsl 1.94614. 6..0 0.2t6 1.119f C.22310 -1.39 6.666 1.39462 0.01999 -1.61
0-1486 1.493?? 1.61137 0.34 0.2(8 11.15 0.21771 -1.39 0.66 1.39661 9.01496 -1.6?

1965 1.109013 1.74216 0.25 6.276 1.4.11.69 6.21256 -1.1.6 6.766 1.39023 0.014.(6 -1.02
6.15? 1.4.60?' 1.69661 6.17 0.272 1.11367 0.3671.6 -1.1.1 0.726 1.36999 0.6132? -1.62
6.194 1.4.65' 1.66663 6.69 6.274 1.4132G 6-R02S? -1.42 0.11.6 1.36961 g.91258 -1.62
6.156, 1.(6404A 1.4.1616 0.02 6.276 1.41281 0.19785 -1.43 0.P66 1.34 0.61&%96 -1.63
0.1!9 1.4.7750 1.4%1326 -6.69 8.276 1.44124? 0.11326 -1.1.3 6.766 1.3692 16.81142 -1.63

6.160 1.4.74.62 1.364.462 -6.11 WIG6 1.41209 (.t6669 -1.4. 6.008 1.34198,360 -1.83
0.162 1.47220 1.Z6896 -3.13 0.262 1.112 6.1656 -1.4.5 0.606 1.36677 6.01051 -1.az
3.114. 1.4.6961 1.22126 -3.23 3 281. 1.41139 6.160446 -1.1A G 061 1.38660 6.61014 -1.03
6.166 1.4.6731 1.1,M12 -0.29 0.266 1.141699 6.1763? -1.4.6 0.661 1.346311 0.0394& -1.61.6.614.6901 1.11329 -6.34 6.266 1.1165 0.710-.. .036 1.36617 00951 -1.01.

3.170 1-4'625 1.06398 -0.39 0.296 1.S1031 6.1(667 -1ot.7 0.966 1.36710 6.(#0925 -1.64.
0.172 1.1.66?7 1.01786s 1611. 6292 140699? 6.16!500 -1.1.0 6.420 1.3610 9.069ce -1.61.
6.17. 1.'9678 0.974406 -N4 .294 1.4.6964 0.1611.3 -1.49l 0 .91.0 1.32762 8.4918? -1.6.
6.176 1.4.66? 6.933(9 -6.92 3.296 1.40933 0.1579? -1.1 6.966 1.36749 6.0684 -1.84
6.178 1.45S34 0.89!16 -3.52 16.290 1.406901 0 .19S4C I -1.96 0.960 1.36736 1.006849 -.

6.18 1 4. 2? .6968 -.3664 1. 360 1.1671 6.15139 -1.95c 1.000 1.337113 9.8863S -1.64
6.0 11961 0629 6.4 6339 1.4.797 0.11.099 -1.Sp 1.696 1.33676 6.06666 -1.81.

3.161. 1.44999 6.79215 -6.67 6.316 1.4.6727 3.13636 -1.63 1.160 1.366 6.06791 -1.81.
6.186 1.1.44 6.7(4.9 -6.71 6.316 1.466 6.13966 -1.94. 1.166 1.36691 6.60766 -1.306
6.188 1.44694 G.731.9 -6.7. 6.336 1.4469?97 .12336 -1.6t 1.263 1.30192 S.98775 -1.01.

1.093 1.4.4951 1.76413 -1.?? 6.339 1.1.6037 6.11?61 -1.67 1.3M 1.36613 0.0774 .4
0.192 1.444.12 0.67112 -606 6.333 1.4061.6 6.1&163 -1.6 1.16 1.3404 4.3377? -1.64.
6.19L4. 1.4.1279 6.661044 -6.63 3.325 1. 1.14.IS 2.16669 .1.69 1.351 1.3416 6.33763 -1.64
6.196 1.4.4151 0.684319 -0.#g 1.34.6 1.%96373 032670 -1.66 1.4.56 1.36896, 6.66791 -1.6.
3.196 2.4.4627 6.63611 -966 86.14.5 1-4.6323 0.69796 -1.61 1.4.56 1.3035t06.06602 -1.64.

6.266 1.43967 6.S661 -6.96 6.366 1.18179 3.69336 -1.61 1.631 1.3931t 6.06914o -1.83
6.262 (1.43792 0.99693 -0.93 6.366 1.411336 0.06936 -1.63 1.6668 1.36316 6.66636 -1.631.211P 1.4.3681 6.50739 -6.96 6.166 1.%e16e 6.66ess% -1.63 1.666 1.30333 0.06463 -1.63
6.266 1.%163 6.92676 -.. 7 6.366 1.1.68141 6.66336 -1.6. 1.696 1.800961 6.6661 -1.3
6.266 1.4.31.69 6.11321 -6.99 6.376 1.46164 0.076 -1.64 1.136 1.361b7 6.ss6l& -1.03

1.211 1.4.3366 0.4.94643 -1.63 6.376 1.41669 6.67696 -1.66 1.766 1,36163 6.66694. -1L.62
6.312 1.4.3271 6.4761. -1.63 16614 1.01266 6.67363 -1.66 l.066 1.34490 6614911 lo.se
6.314. 1.1.31 6.4.6868 -1.66 6.360 1.89993 0.04971 -1.60 1.36 1.M001 6.86932 -1.03
0.316 t..4.3066 $.#A44 -1.37 3.394 1.19969 6.306 'F -1.01 1.906 test"* 1. .0699t -l.s1

. 16 14.2996 6.431.1. -1.69 8.319 1.31121 61.601 -1.66i 1. 1. 1.19s 6.6673 -. 1
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TARLM 6. VLCCMMNNDZD VALU O6N THE REPRACTME fh D Vol~I WA3LMOUM AND)
TKMM3ATURE DXRIVATIVU w( LIP AT 293 K 1(auio)

As* X6 on W-4 19,4 r4 a moi- 1"91

f.300 1.11467 9.11993 -1.61 1.996 1.39627 .696-1.96 6.643 16169414 6.4379s -m.61
2.656 1.37617 6.8111 '1.66 4.666 1.34 124 1.61965 -1.94 6.1 913401 6.61664 .6.46
2.149 1.17716 8.11% -1.91 1.1160 1.14624 1.1113 .&.#a ?.Sea 1. real 6.13967 -9.66
9.190 1.17711 6.01197 -t.79 4.100 1.34727 0.126%1 .1.52 7.166 1.1.612 6.4407 -6.56
2.201 1.37660 0.91979 -1.791 4.104 1.3464 6.02666 -1.61 7.203 1.29445 6.64166 -$.so

2.296 1.17665 6.61112 -1.78 4.6-10 1.1092C 0.10169 -1.50 ?'-So@ 1.26901 0.04191 -6.46
2.308 1.37548 M.612 -1.7e lb.296 1.14414. 0.92124 -1.40 1.486 1.24k7 1.1421's -6.462.310 1.37493 6.011467 -1.7? fa.106 1.34#367 1.11191 -104 ?*Sao 1.26131 9.06365 .. 5
2.460 1.37435 1.11139 -1.77 4.-360 1.34199q 8.06201 -1.4? 7.666 1.f1604 6,6a -6.21
2.450 1.37376 6.011146 -1.76 4.-466 1.346 6.42216 -1.46 7.7,g 1.23145 6.6436 -6.23

2.961 1.37316 0.61217 -1.71 4.4150 1.33M7 C.02236 -1.0' 7.660 .26?6.0662C -0.172.916 1.37254 0.61241 -1.71 4.18 1.33666 6.42217 -1.44 7.966 1.22326 0.6*716a -0.11
?.b0g 1.37192 0.61215 -1.79 4.156 1.31791 6.62296 -1.43 6066 1.21644 6.64611 -6.612.616 1.37128 6.6126 -1.?4 4.666 1*33636 D.82325 -1.42 @.166 1.21316 6.34uh. 0.612.799 1.37363 6.61311 -1.74 4.696 1.33119 0.82354 -1.41 6.208 1.21662 6.61864o 0.66

2.710 1.36997 0.01337 -1.73 4a.760 1.13401 6.1234 -1.30 0.160 1.26167 6.6518 3.15
2.660 1.36929 0.01111 -1.73 W.96 1.33281 C12413 -1.16 6.460 1.114041 I.S2C3 6.2
2.890 1.36860 1.016 -1.72 4.666 1.33199 6-1244-3 -1.3? 461 t.19811 0.65106 6.21
2.960 1.36796 6.61411 -1.71 4.650 1.333 C.920.73 -1.36 6.606 1.10766 4.4941, 0.37
2.916 1.36719 6.01436 -1.71 4.106 13111t 6.62983 -1.34 6.76 1.1636 6.9119 6.41

3.666 1.36616? 6.61466 -1.76 4.91 1.12)6f 8.92!33 -1.33 6.616 1.17671 6.05628 6.533.616 1.36973 6.611466 .1.69 9.666 1.32449 6.62913 -1.12 9.1064 1.11166 0.61746 0.61
3.166 1.36498 1.01111 -1.69 916 1.319 6.6224 -1.81 9.666 l.ots"@ 6.61614 0.76
1.116 1.31422 1.11136 -1.66 5.200 1.12114 8.62666 -1.26 9.10 1.19111 6.66971 6.79
3.206 1.3634S o.8112 -1.6? 9.300 1.31662 8.6274q -1.24 9.266 1.191141 6.96891 6.60

3.296 1.362b0 6.61957 -1.67 5.416 1.31564 0.12612 -1.21 9.16 1.1119 6.06113 0.97
3.316 1.16166 6.6L13 -1.66L .96 1.3160 0.02676 -1.16 9.403 1.140111 8.86139 1.67
J.30 1.3610696.91639 -1.&! 1.666 1.311839 6.62941 -1.15 9.61 1.11461 6.46467 1.173.486 1.36622 6.61641 -1.64 5.766 1.311 11 9.83607 -1.11 9.606 1.12796 6.699a 1.271.406 1.35936 6.1191 -1.64 9.666 1.16467 0.0303 -1.80 0.766 1.12111 0.66733 1.30

1.166 1.35653 6.61717 -1.63 19660 1.3861? 0.63141 -1.65 9.666 1.11011 80.6671 1.49o
3.S1 1.3S167 8.81743 -1.62 6.166 1.29779 6.93209 -1.61 9.90 1.16767 6.6013 1.61
2.666 1.31671 6.811070 -1.61 6.6 .2*451o 0.1270 -6.0 10.006 1.1"64 6.62159 1.13
1.61 1.11596 6.01096 -1.68 64964 1.39121 6.63346 -6.94 19.148 1.60661 6.1%62 1.s6
3.706 1.39499 0.81623 -1.60 6.366 1.2816S 6.1419 -6.964 16-416 1.6,6613 6.67762 2.21

3.716 1.39407 9.416M -1.1 6.460 1.2044406.1491 -lose 111.666 35673 6996122 2.54
1.616 1.19114 6.1017 -1.10 6.666 1.20667 3.1164 -6.62 16.066 l.0366 64603 2.60
1.690 1.35226 6.61964 -1.17 6.6660 1.27727 3.01631 -0.76 U1.068 1.61076 6,6667 1.19

.66 1.3S12 9.01931 -1.56 6.761 1.2711 8.03714P -6.74

In. this tabl, lmcre Gactua hces are ropoite thea wramd merely for the ppat m uher gmqa,,,, mis 461a o0azhemm
For m~anirfhI decimal plames and amertaintion of tabulated V'alues in warlomuvelsqo raqPme~ do " of mmssma 3. 1.
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3.2. Lithium Cloride, LiCi

The only available measurement on the refractive index of solid LiCl was made

for one spectral line, the sodium D line, by Spangenberg [45] in 1923 using the immer-

sion method. For molten LiC1, Zarzyski and Naudin [441 determined the index for the

lHg green line at a temperature of 888 K.

The reasons for the scantiness of the data are the difficulties in crystal growing

and sample preparation. A number of other physical properties of LiCl were investigated;

values are given in Tables 2 and 3. Although there is only one value of n available, a

dispersion equation can be based on the knowledge of the dielectric constants and the

characteristic absorption peaks. Using the values of known parameters from Table 3

and the value of Spangenberg, we obtain

Es = 11.86,

Euv = 2.75,

>u = 0.137 pm (averaged vlue of two peaks),

XI = 49 .26jm,

n = 1. 662 for X0= .5893 jm.

The adjustable parameter A of Eq. (13) was found to be 2. 51. This leads to a dispersion

equation of LiCi which is valid at 293 K in the transparent region, 0.17 to 16.0 )Am:

n2 = 2.51+ 0.24X + 9.11X 2  (25)
>,- (0.137)2 >2 - (49.26)2

where X is in units of jon.

No experimental data on dn/dT are available. However, our empirical parameter

values in Table 5 were used to construct a formula for estimating dn/dT in the transparent

region:

dn 22.75 X4  + 382.62X (26
2n !-n -- -13.14 (n2-1) - 12.85 + 22 \ 8.2X (26)

) -(X 2 - 0.02045) 2 X2 - 2426.55) 2

where dn/dT is in units of 10"5 K-1 and X in Wn.

Equations (25) and (26) were used to generate the reference data given in the table

of recommended values. As noted, these equations are based totally on the available data

on the thermal linear expansion, dielectric constants, the wavelengths of absorption peaks,

and the empirical parameters. Consequently, the accuracies of the estimated values are

governed by the uncertainties of the above mentioned parameters. The following criteria

are indicated by careful studies of the parameters.
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For refractive index:

Wavelength ]Range Meaningful Estimated
(~i)Decimal Place Uncertainty,

0.17- 0.30 2 0.05
0.30- 1.00 3 0.005
1.00- 5.00 3 0.008
5.00- 9.00 2 0.01
9.00-16.00 2 0.02

For dn/dT:
0.17- 0.32 1 0.9
0. 32-12.0 1 0. 4

12.0 -16.0 1 0.9
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'I'ABL ii. RECOMMENDED VALUES 0ON THE REI tACTIVE INDEX AND ITS WAVELENGTH AND2
TEMPER0ATURE DERIVATIVES Mit LICI AT'293 K*

-cha/dO. dm/dT A a -ft/d), dn/dT x. -dg/d dn/dT

0.173 1.74732 4.10s7 67.76 0.Zlo 1. (0888 0.18295g 0.88 0.908 1.65911 0.0056 -3.60
6.172 1.77966 3.72295 S5.45 0.29? 1.67832z 60784 04?9 0.920 a.5s#9S 9.10S73 -3.61
8.176 1.?723S 3.3LO16 6.9.37 0.296 1.67017 C.17.101 O.ts 0.940 1.16ea 0.00156 -3.63
0.17b t.7660, 3.01311 44.2f 1.2'96 1.17783 0.1663Z 0.60 0.960 1.6587 0.005ST -3.6.
0.0,8 1.06039 2.72122 39.9? 0.298 1.6??69 0.16301 0.01 8.980 1.6se67 0.09522 -3.65

0.160 1.755 2.46676 36.26 0.300 1.9771Y 0.15967 0.6.2 1.000 1.6563t60.03509 -3.66
0.162 1.7S30' 2.273? 32.97 0.305 1.(6610 0.14931 0.2? 1.050 1.65M3 6194081 -3.69
0.154. 1.765le Z.065? 30.11 0.310 1.Me7561 .11#081 0.03 1.100 1.63600 6.0046 -3.71
9.166 1.?41198 1.92061 27.6s 0.315 1.C7300 0.13157 -0.160 1.L30 1.63781 0.00044S -3.73
0.100 1.73029 1731 2S.31 0.320 1.6743t 0.12301 -0.31 1.200 1.65764 0.00434 -3.76

4.190 1.731#47 1.6466 23.5? 0.32S 1.6776 0.11*67 -0.1 1.750 1.6162 0.00626 -3.71
8.192 1.73100 1.521164 21.86 0.330 1.07319 0.11011 -0.60 1.300 1.63721 0.4021 -3.7?
4.194 1.72876 1.1.2030 20.21 0.33s 1. 72660.204cs -8.73 1.350 1.FS703 0.06419 -3.70
0.196 2.72602 1.32911 18.80 0.36.0 1.M721 0.09661 -&.81 1.400 1.65179 0.00419 -3.79
0.190 1.?7345 1.23971 17.6c 0.34S 1.f716? c.69!27 -0.9 1.10 1. 11650EE~ .U0620 -3?

I.?60 1.72105 3.162761 16.65 0.350 1.67122 0.06866 -1.09 1.500 1.63137 0.00421 -3.6C
0.Z02 1.?1880 1.09076 15.39 0.355 1.C7079 O.Coh00 -1.11 1.350 1.65611 0.00426 -3.61

V422 1.71668 l.O21 114 .62 0.6 .73 7966 -1.29 1.600 1 65!94 04131 -3.1
0.?206 1.71669 0.910661 13.53 0.3,3 1.699, :07598 -13 1.1 1I:37 0.001-3b -3.62
0.?@9 1.71701 0.91213 12.71 0.370 1.(6962 0.0723? -1.67 1.700 1.E5551 0.00663 -3.82

0.710 1.711Il6 0.9620i 11.9f 8.375 1.16921 0.C6899 -1.33 1.750 1.6532fl 0.00449 -3.82
@402? 1.70136 0.81588 11.26 0.380 1.66893 0.31161 -1.61 1.000 1.61501 0.00457 -3.83
1.?16 1.70778 0.77!22 10.61 0.38S 1.e660 0.t6268 -1.70 1.810 1.65183 0.0064 -3.83
I.?16 1.70627 0.73373 10.01 0.390 1.6130 0.06011 -1.77 1.900 1.1659 0.00413 -3.83
0.P10 1.76041 0.69710 9.664 0.395 1.66800 0.097M -1.86 1.958 1.ES33 0.0801 -3.83

0.P70 1.
7
03-0 0.66368 8.92 0.600 1.66772 0.05107 -1.90 2.000 1.65411 0.08650 -3.63

0.2 1.?0218 0.6,'141 8.62 0.620 1.66719 0.05610 -2.02 ?.050 1.65381 0.00699 -3.83
0.276 1.70893 0.6r180 7.9t 0.620 1.f6671 0.04663 -2.13 Z.100 0.653161 0.00108 -3.03
0.?26 1.69q70 0.57632 7.1! 0.1.30 1.66626 0.01.109 -2.23 2.130 1.6533t 0.00518 -3.83
I.??@ 1.*966 0.50835 7.1? 0.441 1.86361. 0.03992 -2.32 2.200 1.65!10 0.00527 -3.63

0.230 1.16q768 8.526641 8.76l 0.6590 1.(656 0.03707 -2.60 Z.250 1.65263 0.00537 -3.83
1.23? 1.t9655 0.531r8 b.34 0.660 1.66910 0.03450 -2.48 Z.300 1.65210 0.00547 -3.63
0.?34 1.6955? 0.605O6 8.06, 0.67 1667 0.03219 -2.35S ?.350 1.63221 0.00336 -3.83
6.236 1.694b] 4.4(097 5.71 0.480 1.646( 0.C3CO9 -2.62 2.600 1.63000 0.00516S -3.83
0.Pl8 1.89373 4.44117 5.641 0.6 10 1.617 0.02818 -2.68 2.450 3.65173 0.00578 -3.83

0.746 1.69206 0.62606 3.12 0.100 1.668 0.0266 -2.76s 2.560D 1.6502 0.00589 -3.83
0.26.? 1.69203 0.60736 1686 0.510 1.66366 0.026 -2.79 2.50 1.65113 0.00599 -3.63
0.f66 3.69123 0.391!8 6.56 0.520 1.(6160 0.02361 -2.86. 2.600 1.65082 0.00610 -3.02
0.2%6 l.6q0.7 6.3760 6.33 0.130 1.66317 0.02209 -2.86 Z.650 1.63012 0.00621 -3.82
0.244 1.68973 0.36256 6.89 0.560o 1.(6295 0.62087 -2.93 2.700 1.65820 6.08632 -3.62

1.250 1.66901 8.31920 3.87 0.30 1.66275 0.01975 -2.97 2.750 1.6686 0.00663J -3.82

4.25? 1.68113 0.33(!3 1.6s 0.560 1.(623( 0.01872 -3.01 2.800 1.66956 0.0C654 -3.e2

0.2164 1.68676 0.3261ji 3.4i 0.570 1.f623f 0.0077 -3.06 2.850 1.64523 0.806E5 -3.01
0.238 2.69703 0.31!10 3.23 0.568 1.6620 0.21689 -3.08 2.900 1.64069 0.06766 -3.01

0.758 1.b662 0.30225 3.06 0.390 1.66206 0.01600 -3.11 2.950 1.64655 0.40667 -3.81

0.766 2.69502 0.2q113 2.0 8.610 1.M618 0.01132 -3.16 3.000 1.06821 0.08659 -3.81
0.?62 1.689525 0.28211 2.72 0.620 1.t613 0.01397 -3.19 3.050 1.E166 0.00710 -3.0
0.266 0.60669 0.27276 2.56 4.660 1.6613t 0.01261 -3.26i 1.101 1.64750 0.01721 -3.6
6.166 1.69616e 0.2ei316 7.36 0.660 1.66108 0.01179 -3.29 3.150 1.6711 0.00733 -3.60
0.268 t.66366 0.2'33 2.23 0.860 1.116065 0.010M -3.33 3.?00 1.66876 0.007'6d -3.79

6.276 1.66313 0.271 2.08 0.780 1.66066 0.013 -3.36 3.M5 1.66&3q 0.0756 -3.79
0.272 1.60763 1.73965S 1.961 $.?1$ 1.E6066 0.00q95 -3.1.0 3.300 1.66601 0.001(l -1.79
1.274 1.68218 0.23203 1.62 0.76 1.66021 0.60805 -3.63 3.350 1.66362 0.08779 -3.78
0.276 0.68172 0.2269 1.60 0.760 1.6609 0.1832 -3.41 3.60 1.614!23 0.00790 -3.78

278 2.b0128 3.21015 1.5 0.78 1.65993 0.60761 -3.68 3.650 1.64:83 0.00802 -3.78

0.70 1.6 6 0.2116: 1.63 0.600 1.65977 0.60?66 -3.00 3.30 1.6666 0.01 -3.77
0.26? 1.60063 0 .20592 1.31 0.820 1.03963 0.60707 -3.S3 3.530 1.64f602 0.00621 37
0.286P 1.60103 0.196 1.20 6.840 1.15900 0.10673 -3.00 3.*00 1.64360 0.68037 -3.76

6.206 1.6763 019373 1.01 080 1.15936 0606 -3.08 3:650 1:61,318 .06 3
0.26 a.72 8. 23 0.9 0.0 1.6923 0660 -3.8 3.7? 1for7 ti086 -3.?
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Ii.ft~t ~M~ JIE) A1t1~N N II ItAo i1V1 INDEX AND f's WAVIEL0NGTI AND)
'14M0'0:0AIIIN. I)?:NJVArjvl: PIR LWI Al 293 K (oostinued)*

dvAd tIaAOA daE , n/dA dms/dT A a -da/dk doArr
lip W" 0-n'OM0, 10-6K OM' 10*6K-

4

'-?SO 1.t4.32 0.6002 -1.7S 6-.10 l.Wel 0.61404 -3.44 9.260 0.S435S 4.02554. -2.47
1.404 1.641114 C.50004. -%?', G.200 1.01353 9.41491 -3.42 9.6 1.54.096 6.62561 -2.43
3.01S6 1.h4.4. 0.1100116 - 1.h , 6.311 1.W$3o o.c1518 -3.%o0 9.9119 1.531136 0.6224 -2.'
..qor i....jqe c.st90q -3.74 6.'416 1.(10441 O.615'. -3.39 10.002 0.S3173 0.116111 -2.3(
"So4. o.b'.1~ 0.0649 -'.13 S-9211 1.094 0.197? -3.37 10.250 1.53034 6.62732 -2.27

4.0660 .r'ol?6 .8c? -1.73 5.0600 1.t673S 0.1159q -3.3! 0&..,O0 1.52461 0.02sts -2.15
4.6'SO I.3006.0646' -1.?? 6.?10 0.00'4 1.81127 -3.33 10.666 1.S1912 0.02660 -2.1v
4.190 0.041 112 0.009!b -1.?? 6.000 1.60410 11.0t5 -3.31 10.500 I.51324! 6.02957 -2.600

4.3 .6lack4 0.00968R -3.71 b.900 1.02463 11.611683 -3.28 11.005 1.5672 0.4303S -1.1
4..oO l.(91 0.161106 -11.?l ?.60 1.06673 6.11711 -3.2t I1-ZOO 1.50114 9.13115 -1.61

1-11'0o 6.'., .81M -1.70 7.t6$ 1.'qqoo1 O.Ot?3q -3.24 11.4.90 1.4914.63 6.03197 -1.70
4.l1 .%3?:0 *.lice$ -1.70 F.20 1.!9175 0.03768 -3.22 1..00 1.406635 0.03260 -1.59

4. 0 .' 0 "" 0.0101? -,.be 7.306 1.!9547 0.61796 -3.2C 11.600 1.4681 0.033(5 -1t. 486
8..6 1.131,1% 0.G16?9 -8.ti 7.460 1.!9361. 0.61025 -3.10 12.060 1.41451 0.034S? -1.36
4.%' .%3,0 0,010.1 -3.58 ?.S66 1.S182 C01654 -3.15 12.?00 1.4.6710 0.0354Z2 -1.24

4..1 0 10.*3to 0.016'' -q.t? F.0 1.580399S 0.610I4 -3.12 12.400 1.4.6672 g.03633 -1.11
4.YQ 1.t0, t 60100 -1.67 ?700 1.'600' 0.01913 -3.10 12.600 1.4.533t0 .63?27 -6.S6
4..'00 t.1,34.14 0.0101 -1.61, 7.800 1.1601? 6.9194.3 -3.67 12.800 1.44.562 0.63623 -0.64

1.,0 2.#,15411 0.00051 -1.b( 7.900 1.S6401 0.t1973 -3.05 13.000 1.4.3667 0.03921 -6.09
4. 0 4,0~4.0.01163 - 9.55 8.060 1.!0218 6. C2003 -3.62 13.Z10 1.4.3,110 6.640 -0.S4

8.5 .. ~9 0.011t6 -1.64 $.100 1.!R610 0.02033 -2.19 13.406 1.42196 8.644126 -0.36
4. t0 0.C.1 8.0(1.91108 -3.64. 8-210 1 !76101 0.1260th -2.S? 13.666 1.4.1H2 6.04.233 -0.22
4.''0 0#00 0.21041 -3.f3 6.360 1.00 .02055 -2.94 13.600 1-40S565 1.64342 -0.04

4..960 1.F,30bl. 0.601153 -3.b1 6.466 1.5392 0.6212E -2.91 14.000 1.3912S 0.0445 0.14
14.4-.ft I...3601 0.91116 -3.62 6.506 1.57176 0.62151 -2.60 14..200 1.38123 6.04511 0.3?

S.600 t.b?ISZ 0.601176 -39.61 0.640 1.56961 0.02169 -2.8S 14..480 1.3719t06.64b651 6.S2
5.100 t-1,70111 0.611264 -1.66 0.700 1.5b4.40 0.02221 -2.62 14..666 1.3664C06.04614 6.73
".?01 C./~ .01229 -3.50! 8.600 10.'5516 0.6253 -2.791 14..601 1.35671 0.04941 6.54
i.100 G.?8 .O12.5 -1.57 6.900 1.56296 0.02265 -2.71 15.606 1.34.66i 0.65073 1 .16
K.400 0.t?4.4.1 6.61286 -3.50 9.060 1.f605q 0.0218 -?.72 15.206 1.33042 0.05206 1.40

S.500 0.h.1311 0.016 -j.54 9.100 1.!9826 0.02351 -2.61 05.400 1.32765 6.6534.9 1.04
5.100 t.'209qi 0.62332 -1.52 9.206 1.5564 1102304 -2.55 1S.b6o 1.31781 6.65494 1.90
6.700 1.0,;0965 9.6011!A -1.50 9.300 1.5114 0.06%807 -2.62 15.600 1.30566 0.65644 2.11
9.A00 I tIV .01744 -9.49 9.400 1.!5M1 0.62451 -2.58 115.000 1.2941 0.63800 P.4.5

500 1186 0.0l411 -3.48 9.560 1.!48659 G.CZ405 -Z.55

In lb.-, 1.41, mo,,re, d.'gna pluv.. ure rup.,rted than warranted rnurely for the purpose of tabular smoothiness and internal compariso.
I I "'mik-jitlfl ,d.-vnia pine.-m andu um..-rlnintles of tabulated value's in various wavelength ranges. see the text of subsection :1.2.
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3.3. Lithium Bromide, LiBr

The only available measurement on the refractive index of crystalline LiBr was

made for one spectral line, the sodium D line, by Spangenberg [45] using the immersion

method. For molten LiBr, Zarzyski and Naudin [441 determined the index for the Hg

green line at a temperature of 843 K.

The reasons for the scantiness of the data are the difficulties in crystal growing

and sample preparation. A number of other physical properties of LiBr were investigated;

values are given in Tables 2 and 3. Although there is only one value of n available, a

dispersion equation can be constructed by incorporating the available data on the dielectric

constants, the wavelengths of absorption peaks, etc., into a two-oscillator dispersion

equation. Using the values of known parameters listed in Table 3 and the available

refractive index, we obtain

Cs = 13.23,

Cuv = 3.16,
uX u= 0. 164 jim (averaged value of three peaks),

X, = 57.80 ;gn,

n=1.784 for X= 0. 5893 in.

The constant A of Eq. (13) is found to be 2.88. This leads to a dispersion equation for

LiBr valid at 293 K in the transparent region, 0. 21-20 pn:

n2 = 2.88 + 0.28X 2  + 10.02(.7)

X2 - (0.164)2 X2 - ( 57.80) 2

where X is in units of jim.

No experimental data on dn/dT is available. However, our empirical findings in

Table 5 were used to assemble a formula of LiBr for the transparent region:

dn28. 08 XI 503. 50 X'
2n!- = -14.94 (n-1) - 14.18 , 0 , (28)(T 0. 02993) 2 (X 2 - 3340. 84)2

where dn/dT is in units of 101- 5 K - and > in jim.

Equations (27) and (28) were used to generate the reference data given in the table

of recommended values. Since these equations are based totally on the data on the thermal

linear expansion, the dielectric constants, the wavelengths of absorption peaks, and the

empirical parameters, the accuracies of the calculated values are controlled by the

4i
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uncertainties in these quantities. The following criteria were established after these

correlated parameters were carefully studied.

For refractive index:

Wavelength Range Meaningful Estimated

(mm) Decimal Place Uncertainty, +

0.21- 0.30 2 0.01
0.30- 1.00 3 0.005
1.00- 6.00 3 0.008
6.00-11.00 2 0.01

11.00-20.00 2 0.05

For dn/dT:

0.21- 0.40 1 0.9
0.40-13.0 1 0.4

13.00-20.0 1 0.9

w

I

4
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TABLE 14. IEC'OMMOENDL) VALUES ON TIlE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR Lir AT 293 K*

x dn/dX n/dr A -dn/dX dn/dT x -d /. dn/dT
Mn

1  
n mm 0 K1 Am n AM o. 4 A 10MD K-

0.210 1.89674 2.81741 57.7! 0.375 1.79005 0.12220 -0.54 1.753 1.77574 0.00378 -4.99
0.2? 1.89133 2.5i1ef 52.55 3.380 1.795.5 0.11DO0 -o.7f 1.800 1.77555 0.00380 .4.'5
0.214 1.88635 2.39208 48.12 0.385 1.79485 0.11038 -0.51 1.8S0 1.7753t 0.00383 -5.0
0.216 1.88175 2.?1426 44.20 0.390 1.,9435 0.1055? -1.00 1.900 1.7751f 0.0038b -5.00
0.218 1.8774t 2.0535 40.74 0.395 1.79384 G0.3C12 -1.2C 1.950 1.77497 0.00390 -5.01

0.220 1.87152 1.912Y3 37.67 0.400 1.79335 0.i9s48 -1.34 2.020 1.77477 0.00394 -5.01
0.222 1.86182 1.'8625 34.93 0.410 1.79244 0,05705 -1.58 2.050 1.77458 0.00355 -5.02
0.7?4 1.86637 1.fif1i 32.47 0.420 1.79160 0.C7S69 -1.80 2.100 1.7743P 0.0044 -5.02
0.2?b 1.86314 1.5(278 !0.25 0.430 1.790,4 0C7315 -?.0C 2.1 3 1.77417 0.06419 -5.C2
Q.?2A 1.86011 1.4 6q6 28.215 0.440 1.79014 0.M6235 -2.1C 2.230 1.77397 0.01415 -5.2

0,?30 t.85727 1.1795 ?6.43 0.450 1.78949 0.06217 -2.3! 2.253 1.7737f 0.00421 -5.03
0.732 1.85459 1.2q958 24.?7 0.4f0 1.78889 0.05754 -2.5C 2.300 1.7735 C 1.00427 -5.03
0.234 1.85237 1.2(25 25.25 0.470 1.78834 0.05338 -2.(4 2.3S0 1.77333 3.00434 -5.G3
0.236 1.84968 1.15W03 21.80 0.480 1.78782 6.04963 -2.77 2.400 1.77211 0.00440 -5.3
0.238 1.94743 0.'0?1 20.57 1.450 1.78734 0.14f25 -2.89 2.459 1.77285 0.00447 -5.03

0.240 1.84579 1.03936 15.39 0.500 1.78690 r.04318 -3.0c 2.501 1.?7260 0.00454 -5.03
0.24? 1.84327 G.48629 08.30 0.510 1.7864F 0.0435 -3.10 2.550 1.77243 L.00.(1 -5.3
0.214 1.84134 C .ZTI0 1?.79 0.520 1.78609 0.03785 -3.15 2.60C 1.77220 0.00465 -5,.3
0.246 1.8315? 0.85141 10.34 9.530 1.78577 E. 0354 -3.28 2.650 1.7719? 0.00476 -5.03
0.748 1.83778 0.84891 15.47 0.540 1.78538 C.C3342 -3.30 2.700 1.17173 0.00483 -5.13

0.?SG 1.83612 0.8q3?0 14.05 0.550 1.78505 C.03144 -3.43 2.750 1.7714f 0.01491 -5.3
0.2 0.83454 0.?7213 11.88 0.50 1.78475 0.029(q -3.50 2.890 1.77124 0.0048 -5.03
0.254 1.3303 0.73777 13.17 0.70 1.7544E 0.C2815 -3.57 2.850 1.77058 0.00506 -5.C3
0.?56 0t.8108 0.70541 12.49 0.80 1.78419 0.02E54 -3.E3 2.900 1.77173 0.00114 -5.L!
0.?58 1.83023 0.6509 11.8f 0.550 1.78343 0.C2514 -3.0q 2.950 1.77047 0.03522 -5.02

5.?0 1.8888 C.64 2 13.?7 0.600 1.78360 0.02!84 -3.75 3.000 I.TG I 0.00529 -5.02
0.262 1.82762 0.61986 30.71 0.620 1.78323 0.021S3 -3.05 3.05C 1.76C94 0.00537 -5.02
O.?E 1.82640 0.594f8 10.1t 0.040 1.782n2 0.019 4 -3.94 3.100 1.76967 0.00545 -5.12
0.?66 1.82524 0.570 6 q.68 0.60 1.78245 a.C1701 -4.02 3.150 1.76S 4 0 0.30554 -5.2
.208 1.87412 0.54859 9.21 0.680 1.78211 0.01030 -4.G9 3.200 1-76f12 G0.0502 -5.02

0.270 0.82304 0.52746 8.76 4.700 1.78179 0.01498 -1..1( 3.250 1.7b83 0.00570 -5.010.?72 * 82701 0.507c9 M.33 0.720 1.7850 0,CI382 *4.22 3.300 1.760815 0.00578 -5.01
0.274 1.82101 0.4M860 7.9! 0.740 1.75174 0.0127q -4.7 3.350 1.7682( 0.00586 "5.L1
0.776 1.82005 0.47071 7.5' 0,700 1.?0q C.01188 -4.32 3.40 1.76790 0.00595 -5.1
0.278 1.81913 0.45 5s 7.10 0.70 1.7807E 0.0110A -4.37 3.450 1.7676( 0.03b3 -5.00

0.?20 1.81824 0.437(6 6.8! 0.800 1.78055 0.01036 -4.41 3.500 1.7673f 0.00611 -5.0
0.282 1.81738 0.42237 0.sc 0.820 1.78015 0.00571 -4.4s 3.550 1.76)05 U.00620 -5.00
0.264 1.81055 0.40705 6.10 0.840 1.18016 0.00514 -4.48 3.600 1.76074 0.00625 -500
0.206 %.81574 0.3C404 5.88 0.800 1.7?50 0.00802 -4.52 3.650 1.76042 0.006!? -4. 9
0.285 1.8t417 0.1P089 5.5 0.80 1.77581 0.00815 -4.55 3.700 1.76010 0.00645 *4.5q

0.290 1.81422 0.3(536 5.31 0*.00 1.?7966 0.00774 -4.57 3.750 1.76578 0.006S4 -4.59
M,252 1.8135! 0,3!(41 5.04 0.57 1.77950 0.0736 -. 60 3.810 1.7545 o 6.02 -4.58

0.294 1.8127 0, 4502 4.75 0.940 1,77916 0.00701 -4.02 3,850 1.76512 0.00671 -4.98
0.796 1.81 2 0.1!414 4.55 0.960 1.77922 0.00670 4.ES 3.900 1.76478 0.00679 -4.8
0.2q8 1.A114 0.32!75 4.31 0.980 1.77909 0.C0042 -4.67 3.950 1.7b%44 0.00685 -4.97

0,300 1.81082 0.31380 4.09 1.000 1:77e97 000017 -4.69 4.000 1 7:16409 0.0697 -4.97
0.305 1.80930 9.,7C1 1  1.5 1.050 3.77067 0.0056? -4.73 4.050 1 76374 0.00705 -S 4.
0.310 1.,IF9t 0.27015 3 .5 1.100 1.8778a 0.0015 -4. 7 4,100 .76330 0.04714 -4.96
0.315 1.80660 0.Z'52 2.6! 1.130 1.77815 0.00485 -4.80 4.150 1.7602 0.00723 -h..
0.10 t.80539 0.23408 2.25 1.200 1.77792 0.00458 -4.83 4.200 1.76260 0.00732 -4.56

10.?5 1.804ze 0.?0940 1.88 1.250 1.17765 0.00117 -4.86 4.250 1.76225 0.0070 -o4.is
0.310 1.80309 0.t090 1.55 1.300 1.7?748 0.00420 -4.88 4.300 1.76192 0.00749 -4.95
0.338 1.80220 0.15282 124 1.300 1:7727 0.00407 -4.90 4.350 1.76154 0o00758 .?419
0.340 0.80178 0.18123 0.95 1.400 1.77707 0.00357 -4.51 4.40 1.76110 0.007?1 -4.s4
0.345 1.80038 0.17060 0.68 1.150 1.77688 0.00!aq -4.53 4.450 1.?6070 0.007?7 -4.93

0.150 1.7995 0.16304 043 1.160 :17b6 0.00383 -4.54 4.500 1:16039 0,00785 -4.3
0.55 1.79877 0Q155 0.20 1 1.764 0.00380 -4.5 4.550 1.759q5 0.0074 -4.53
0.360 1.79004 0.14355 -0.02 1.600 1.77(30 0.00378 -4.58 4.600 l.7SSSc 01.0802 -4.92
0.36S :.7934 0.13580 -0.21 1:650 1.07611 0.08377 -4.4? 4.650 W*5919 0.10811 -4.92
0.370 1.796b0 0,12078 -0,41 1.7To 1.77593 0.00377 -4.58 4.700 .59878 4.110820 -4.91
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TAMILS 14. ICOUKZNDZD VALUES ON THE REVMTNE D6UMW ANDrr WAVRLIIO3U AmI
TnwxxZATU3I DamArwEs OM Lift AT US K (OGAaUMei

7. -doft 4hET 7.-hd) u/dT . -b/d). do/i
On bw 104 X, A A- 106 X-4 IO IQ's i@K-

4.756 t.79637 6.16629 -4.51 6.166 1.72118 6.1478 -4.46 13.466 1.1gops 6.626si -2.514.6486 1.75795 6.06616 -b.98 0.26 1.016111 0.21495 -4.36 13.606 1.4436 69404116 -2.10
4s.656 4.5 .0184? -%.90 6.311 1.71766 0.61616 -4.36 13.866 1.59794 0tlZa -2.33
04.916 1.51 .66666 -4.65 6.466 1.7154? 6.6154t -4.33 14.890 1.59*31 1.01993 -2.41

.961.F566 0.66665 -1#.89 0.506 1.11192 0.1062 -4 g' 104.26 1.56,31 6.93856 -2.09

S.906 1.75624 6.46676 -4.66 6.666 1.71234 6.1564 -4.21 14.8410 1.57913 6.03125 -1.966.100 1.79536 4668113 -,4.67 8.760 1.71075 8.61605 -4.26 14.610 1.67361 4.43193 -1.635.266 1.75445 6.80911 -4.66 6.666 1.76913 6.61627 -4.24 14.620 1.50436 6.832f2 -1.?%
5.366 1.7153 1.61129 -4.69 6.904 1.7615O06.61645 -4.22 15.0 1.5ft70 So.0333 -1.56
5.460 1056269 6.66640 -4.64 9.,01 1.7014 0671 -4.19 15.266 1.5933 $063,165 -1.42

6.560 1.751641 1.429(6 -4.62 6.160 1.76416 6.61693 -4.17 15.466 1.54414 6.01471 -1.2?
5.660 1.79562 0.666659 -4.61 9.200 1.76*45 1.01715 -4.14 15.686 1.1131111 6.8354 -1.12
5.730 1.74967 6.810114 -4.00 9.366 1.70072 6.41730 -4.16 150610 1.63493 11.05631. -6.6
5.0 1.74066l 0.01022 -4.79 1.466 1.1194197 0.61760 -4.66 16.606 1.54 6.63Via -6.75
5.900 1.74762 61.6161 -4.7 911111 1.M697206.01763 -4.6 16.&I6 1.51P60 463791 -6.62
2.060 1.74067 161610 -4.71 9.600 1.69541 6.01805 -4.63 16-406 1.56942 0.63674 -6.4.4
E.166 1.74556 6.61679 -4.76 11.7110 1.65356 0.4102d -4.61 16.666 1.6891 $613963 -6.26
6.206 1.7441 0.01668 -4#.73 9.666 1.69105 6.61011 -3.18 165.4611 .49156 6.064.9 -6.67
6.006e 1. 74331 11.41117 -4.72 63.906 1.66569 0.616475 -3.5 17.606 1.4696 6.0413.. 6.13
(.4060 W.4211 6.61137 .4.76 11.666 1.16660 6.61696 -3.52 17.266 1.416 6.462t 6.34
(.500 1.74103 0.111!6 -4.69 16.200 1.2411 0.61945 -3.61 17.460 1.4665S 6.4316 6.55
e.600 1.7396? 6.1105 -4.67 10.146 1.(8022 0.61593 -3.60 17.600 1.45977 0.64419 6.76
6.760 1.73666 6.11695 -4.66 t16.660 1.67611 6.6104t -3.73 17.8 S.611064 .044511# 1.616.10 1.737440 .61214s -4.64 10.666 1.67291! 0.62091 -3.1( 10.666 1.11411171 1.114611 1.256.905 t.7325 0.61234 -4.62 11.666 1.(676? 0.121451 -3.60 16.260 1.43236 6.4#16 1.56

7.000 1.73661 0.612" -4.61 11.200 1.16349 0.82191 -3.52 10.406 1.42263 1.111402? 1.767.190 1.13376 6.612716 -4.59 11.468 1.(590E 6.112243 -3.%S 16.606 1.41387 6.0493? 2.63
?.200 1.732,ot 0.01294 -4.57 L1.656 1.0042 6.62295 -3.3T 46.66 3.46166 6.6501 2.31
?.300 1.7311E 0.61L314 -4.65 11.666 1.114'88 8.62348 -3.26 1966 1.3921111 0.85168 2.60
P.400 1.7Z983 0.6134 -40.64 12.006 1.14S13 6.2201 -3.21 15.266 1.162#61 6.691 2.51

7.660 1.7?649 I.W134 -4.62 12.260 1.94427 0.6*46 -3.12 19.410 1.37170 6.0541.. 3.23
?.640 1.7?713 0.01374 -4.50 12.411 1.13531 0.62!1? -3.641 19.610 1.3407% 6I.8564 3.56
7.703 1.77574 6.61365 -##.4e 12.660 t.(3823 0.02626 -2.94 111.4110 1.3493 1.0567? 3.4;6
?.800 1.??1#34 0.61415 -4.41 12.601 1.6203 0.82(26 -2.15 20.606 1.33864 8.61.4 6.26
7.q46 1.7291 0.61436 -4.404, 13.066 1.1t97? 0.12604 -2.71

In I hit ta ble more decimal places are reported thman wiirzed merely for the param co tabular sractbams aid interval ct~mprlmoii.
lor nlesninKful dcimal places and uncertainties at tabudated values In varimna ueveleoh reawee. a" the tax at i~cton 3. 3.
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3.4. Lithium Iodide, LiI

Only one value of the refractive index of LiI is available, measured by Spangenberg

[45] in 1923. Such scantiness of data is probably due to difficulties in crystal growing

and sample preparation. A number of other physical properties of Lii are known; some

values are given in Tables 2 and 3. With this single value of a, the dispersion equation

can still be constructed by utilizing the available information on the dielectric constants

and the wavelengths of absorption peaks.

Using the values of known parameters listed in Table 3 and the available value

of n, we find

-=11.03,
5

SE = 3.80,

Xu = 0.171 pm (averaged value of 7 peaks),

1 = 70.42 jm,

n=1.955 forX=0.5893A-m.

The value of the parameter A of Eq. (13) was found to be 3. 55. This leads to a dispersion

equation for LI which is valid at 293 K in the transparent region, 0.25-25 ;Lm:

n2 = 3.55 + 0.25 X2 _ 7.23 X2 (29)
X2 - (0.171)2 >2 - (70.42)2'

where X is in units of im.

No experimental data on dn/dT is available. However, our empirical parameters

in Table 5 lead to a formula for dn/dT in the transparent region:

2n d- = -17.82 (n 2-1) - 14.90 + 36.40+ 318.12 (30)T(2 - 0.04494)2 (x2 -4958.98)2

where dn/dT is in units of 10- 5 K-C and > in m.

Equations (29) and (30) were used to generate the recommended values. Since

the construction of these equations is based totally on the available data on the thermal

linear expansion, the dielectric constants, the wavelengths of absorption peaks, and the

empirical parameters, the reliability of the calculated values is governed by the uncertainties

of these quantities. The following accuracies were estimated after carefully studying the

correlated properties:
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For refractive index:

Wavelength Range Meaningful Estimated
(AM) Decimal Place Uncertainty, ±

0.25- 0.30 2 0.01
0.30- 1.00 3 0.005
1.00- 8.00 3 0.008
8.00-13.00 2 0.01
13.00-25.00 2 0.03

For dn/dT:

0.25- 0.55 1 0.9
0. 55-20.00 1 0.5
20.00-25.00 1 0.9

p.

.. .... ... ii l '-i I li l I i - i - -i i .. i- -i - -.. . . .- -- . . .
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TABLE 17. R9ECOMME0NDED3 ALUES OIN HIP R1FRACI IVE INDEIX AND ITS WMTlLF:NCTII AND)
ITMPER1ATUH E 1)IEH1A0I T : S FOR 1,11 Al1 29:1 K*

X -drA/hd2X da/di x dn dD/dTr -o/dak dnk/dT
pi i 1U0-4 po-4 Jim -1 104K- 0,oOM . 10-

4
K-

4

0.250 2.O0492 O.91??. 97.66 0.550 1.qjhb1, C.3,714 -3.6. 2.7S3 1.94M67 0.0022S -7.13
0.252 2.003!t 0.78143A 7.13 9.5f0 1.s5'A? G.C2#'2 -10.2 1.6 .q'.oE 0.00226 -7.11.
0.252 2.00331 0.745t]9 89.15 0.570 i.S557 C.C24P7 -14J 201 1.9'.(55 0.00231 .Y.1'.
0.z56 1.9909' 0.6775? 69.1S 0.05! 1.43551C.6*~~' -4.4;. ?.950 1.91.631 0.00236 4?.14

0.260 1.99762 0.61.662 (4.0; 0.690 1.15W.4 6. Zrq6 -4.5z 3.0,3 1.98.619 0.0024.0 -7.1.0.2t? t.99635 0.6161? f.4('. 0.620 I.54 C.1- -1.73 S.0V3 1.91.607 0.G3213 -?.1$
0.26'. 1.9q514. 0.59123 05.26 0.64'0 1.4541 c. :1z! .'..co 3.1ce i.945.s V.06216 -7.15
0.266 1.99399 Q.56602 51.53 0.660 1.95?PAI I.:.5 ..1. 3.150 1.91.583 0.0026.9 -7.15
0.269 1.99260 0.5'?!' 115.1( 0.600 1.q5311 O.01'.C7 -S.23 3.200 1.91.570 0.00252 -?.1!

0.270 1.q91,2 Q.S2007 1.5.1It 0.703 1.S532'- C.:12ME -S.3( 3.250 1.9'.s57 0.00256 -7.15
6.?72 1 .94090 0.1.911 4.2.32 0.?20 1.I5295 C.C109 -5.4.0 3.30C 1.91.51.5 0.062!q -7.15
0.71 1.98942 0.4.79!5 39.77 3.71.0 1.9527? 1..CIL86 -5.5' 3.3S2 1.91.!32 4.002E2 -7.15
6.M7 t.C.666 0.1.6071 !?..' 00760 1.1525( 0.G1063 -5.Es 3.1.00 1.91.!18 4.0026b -?.1S0.276 1.9969 0.1.1.31 35.29 0.rei t.9521? c.ce.2q -0.76 3..SC 1.94.50S 0.113269 -7.15

6.203 1.9,1711 6.1.2615 33. 31 C.400 1 qs, '1 0. 60611 -0.66 3.500 1.9'.'.9 0.03272 -?.Is
1.?42 1. 946z? 0.1170 31.1.9 0.620 1.95702 C 0E1 -5.9. 3.550 1.g'.'.76 0.0027'. -7.15
0.20'. 1.960.6 6.39577 ?9.79 0.6'.6 1.951o7 0.c0710 -6.01 3.600 1.9.'.61. L.03279 -?.IS
0.2A6 t.96'.6q 0.30161 20.22 0.6(3 t.9517? -.C07,3 -6.07 3.650 1.9.4.56 0.00263 -. IS1
0.248 1.9039. C.36617 26.7f 0.160 1.qsise O.66659 -6.10 3.7'.0 1.944'3( 0.00266 -?.15

0.290 .98321 0.1!54.1 25.39 0.900 1.9511.f E. CLA ?a -6.19 3.790 1.9'.t21 3.00750 -7.15
1.292 1.98251 0.31027 21.. 12 0.920 1. S51304 C.00085 -6.2. 3. 603 1.91.s.0 7 0.0079'. -?.15
4.291. 1.96161. 0.33073 72. 92 0.91.0 1 .15102 C .Us!3 -6.28 3.650 1.91.292 6.00257 -?.It6.2901 1.96119 6.32073 21.61 0.4*0 t15111 O.03523 -6.33 3.qo0 1.91.377 9.00301 -7.15
0.296 1.96056 0.3102S 20.70 0.qS0 1.95101 0 .62'.'? -6. 37 3.950 1.91.!62 0.403L4. -P.15

0.300 1.976945 0.36026 19.77 t.000 1.9509? 0.01?2 -6.1.1 1..00 0 1.91.31 0.03 11. -7.15
0.31S 1.97653 0.r7722 10. 1.000 1.qS06 o.ca4? -6.1.9 4.D050 3.94231 9.09312 -?.1S
0.310 1977 0.21t6'. 10.66 1 .100 1.45c". 6.C0376 -6.07 1..10 1.i41.! 0.00315 -7.1%.
0.315 1.97593 0.23616 13.91 1.100 1.95031 0.C031.1 -6.63 1..150 1.91.299 460319 -7.11.
0.320 1.97?476 0.22106 02.1 1.260 1.95015 C.c0316 -6.66 '..260 1.91.263 6.06323 -7.1'.

0.325 1.97371 0.266'S 11.0' 1.250 0.90000 c.q37q3 -6.73 1..2,0 1.51.267 0.00126 -7.1'.0.336 0 .97272 0.19296 9.91 1.300 1.94.94t 0.6627. -6.77 4. $00 1.91.251 4.00 3 !0-.'
0.335 I.97176 0.1666 6.60 t.353 1.91.97? 0 . C 02 '6 -6.61 1.350 1.91.23 0.00314 -7?.14
6.0 . A 0 .97091 0.1653s 7.90 1.4060 1.9'.96C 0.0021.6 -6.6. 4.4100 1.91.213 0.0Q33 -7I.11.
0.31.0 1.97009 0.10106 7.63 1.4.50 1.94.91 I.65275 -6.87 1..1.5 1.94M20 0.0334t-711

I.35n 1 .96932 0.1tWM6. 6.2! 1.500 1 .94.53t 0.00226 -6.50 1..500 01. 16 6 .00!4.5 -7.130.355 1.96659 a0.1116 5.53 1.500 1.i4925 C.6019 -6.52 46. SSG 1.91.166 0.40349 -7?. 13
6.360 1.96791 0.1331. 4..6 1.603 1.94.91. 0 .002Z13 -6.9'. 4.00 I1. 94t11.6 0.01!!2 -7.13
0.365 1. q6726 0.12!71 1..26 1.650 1.91.90. 0.002C9 -6 .9f '. 65 1.91.131 0.4135b -7.1!

. 3 7T 0 . 96 6 0fg .I1 16 3 3. 7 ? .7 00 1.9 4 49 3 C . C 0 2 7 -6 . 9 6 A.. 70M 1. 9 4.11 3! 0 . 23 3 3 6 - 7F. 1 3

.75 1. 6607 t.I1E? 1.22 1.750 1.91.66 6.6C02 -7.00 4-.750 1.94.09S 0.0036' -?.13
0.3,16 1.96552 0.10660 2.70! 1.660 1.91.673 0.M626 -7.01 '..600 1 .9.677 0.003W -7.12
0.38S 1.96500 6.16166 2.31 1.650 1.914M6 0.63199 -7.07 '..eSO 1.916058 0.6037t -7.12

6.390 1.%1.56 0.q96.1. 0.9 1.9 6-90 1.91.653 0.40190 -7.03 '..900 1.91.035 6.60375 -7.12
6.39S 1. 961.0)3 0.09176 1.52 1 .95 0 1.94.613 C .015 -7.A05 4..950 1.91.021 0.60319 -7.12
1.1 1.96359 9.06739 1.11 7.000 1.91.63' 0.001S7 -7.06 5.000 1.90.002 0.08363 -7.120.1.10 1.96275 0.07906 0.5! 2.050 1.51.673 0.60196 -7.0t 5.160 1.93q63 0.00390 -7.110.1.to 1.96199 0 .072Mr -0.03 2.100 1.941.61 0.00199 -7.07 S.20 1.93s23 0.00346 -7.110.810 1.96130 0.0661. -6.51 2.190 1.91.60'. 0.00159 -7.06 S. 3C6 1.93663 8.00420b -7.16
6.41.0 1.96066A 6.016t6 -0.90 2.260 1.51.19'. o.660201 -F.609 5..40 0.9361 0.001.13 -?.Is

00.9.0 1.96609 6.0062. -1.36 2.200 1.94778'. 0.00?12 -7.09 5.500 1.93601 0.001.21 -7.09
6.4.66 1 .9095'. 6.05195 -1078 2.300 1 .9#.7 73 0 .0CC20is -7.16 S.6140 0.93756 F .06?9 -7.096..76 1.C9961 0.014609 -2.17 2.306 1.91.763 0.00206 -7.11 5.700 1.93715 0.00%.3? -. 00G
I6.ties 1.95657 61.1.63 -2.36 2.1.60 1.51.53 O.602Cs -P.11 5.661 1 .934?1 0.0414 4.1 -7.08
0.1.96 1.9501. 6.6111 -2.63 2.41.5 1.91.71. 0.00210 -?.11 5.916 1.1312( 6.66452 -?.07

0.910 1.99M71 6.0360 -r.88 2.900 1.91.73? 0.06212 -?.1? 6.010 1.9501 0.664.60 -7.06
3.1 1.53 .00 311 2.:550 1.91%?721 .00o211. -7.12 6.160 1 .9313' #4 .661.68 -7.066.520 1.55976?8,24 :.6337Y5 -3. 31 2.66 1.51010 0.0is217F -7.13 a. 20 as .93407 6.866 -7.05

1.930 0.99664 0.63166 -3.51 2.694 1.14000 6.60219 -7.10 6.366 1.5133 0.84%441 -7.05
".16 .436 6.665?2 -3.66 2.760 1.91.069 0.06212 -7.13 6.18 1.13M 6 .08#412 -. '
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TABLZ 1'7. RECOMMENDED VALUEB ONt THE REFRIACTIVE INDEXC AND rrg WAVELEN07-H AMP
TEMPERATURE DERIVATIVES FORL LII AT 283 K (oasimed)-

.66 1.93340 6.08560 -7.63 9.700 1.91318 6.00768 -8.73 15.806 1.86665 1.81342 -5.119
1.868 1.93298 O.6C88 -7.0? q.810 1.91240 0.C6777 -8.72 16.800 1.69GE868.61*65 -5.53
8.766 1.13239 8.69916 -7.02 11.146 1.1116? 6.16766 -8.71 18.200 1.86t83 8.01429 -5.166
8.886 1.113187 8.66526 -7.01 11.06 1.9663 4.4679S -6.§9 16.408 1.83995 8.163 -5.642
6.966 1.93134 6.099!2 -7.60 14.268 1.11922 6.11813 -8.61 16.6 1.83762 6.61677 -5.36

?.164 1.93081 8.11960 -7.88 10.480 21.11751!6.08631 -8.66. 116.86 1.83644 8.81562 .5.10
%leg0 1.9302( 0.61568 -6.141 10.688 1.98598 0.4649 -6.61 17.081 1.63161 I.815286 -5.26
7.28 1.4?971 6.1656 -6.1e 18.68 1.90610 O.0.66 -8.59 10.260 1.62793 8.81502 -5.18
?.311 1.92916 4.40611 -8.97 11.668 1.98263 0.C4886 -&.St 0.4669 1.82488 2.61W? -5.11
?.%6I 1.9?858 6.66573 -*.91 11.280 1.988664 8.68905 -8.13 17.660 1.82162 6.416C3 -..0

?.m 06 8 0.9786 6S1 -15.91! 11.00 1.e9681 O.C0S23 -E.50 0140 1.81839 8.81626 -64.s6
7.661 1.971 0.61566 -6.96 &11660 1.8q99 0.0096? -6.67 18.60 1.81511 8.416!5 -61.91
7.706 1.92W 6.0199 -6.964 11.660 1.49!04 0.0061 -8.613 18.288 1.01177 0.01682 -6.86
7.888 1.62622 6.1866 -6.93 12.466 1.89s10 6.C6981 -8.66# 16.401 1.80838 0.81861 -47
?.900 1.971161 0.18616 -6.92 12.266 1.6911? 6.61008 -8.37 16.680 1.6496 401736 -69

e.008 1.9Z4619 0.60623 -6.91 12.400 1.88910 .1.01019 -6.3! 16.600 1.6166, 6.8176#4 -61
4.100 1.9246 6.001!1 -6.9C 12.600 1.66704 0.01039 -8.30 19.060 1.79768 0.812 -4.S4
6.210 1.q2373 6.0W93 -6.89 12.880 1.686494 G.01009 -8.28 19.z8 1.79027 8.0102S -4.416
0.300 1.92366 6.06146 -6.60 13.666 1.60280 0.11079 -8.22 19.668 1.79868 8.0146 -6.37

1.0 .q2243 6.066 -8.67 13.268 1.88063 0.01099 -6.19 19.606 1.78687 6.01676 -6.29

1.586 1.42077 S.6189 -6.06 13.460 1.67841 0.11120 -6.1! 19.866 1.78368 0.81969 -6.26
0.866 1.92110 6.1673 -6.86 13.660 1.67f615 6.01168l -6.11 29.666 1.7721S 6.619,39 -64.11
8.78 1.112443 0.0668 -8.66 13.660 1.67365 6.01te1 -8.6e 26.500 1.78936 1.12117 -3.680

68 1.919760 6.690 -e.83 16.686 1.67150 0.61182 -8.02 21.110 1.75966 8.62197 -3.63
6.960 1.q1966 6.60669 -6.82 16.268 1.86912 1.112068 -5.66 21.1160 1.71683? 6.62168 -3.37

9.180 1.91636 6.6717 -6.81 111.416 1.86669 C01225 -5.93 22.186 1.737211 2.0221? -5.6q
9.110 1.111163 1.0(716 -6.80 14681 1.64621 6.01247 -S.81 22.560 1.72586 8.62308 -2.79
9.f66 1.91191 6.66725 -8.79 16.680 1.86178 8.11269 -5.86 23.666 1.?1367 6.126#52 -2.67
9.308 1.9116 6.6733 -6.76 L5.666 1.85916 6.61291 -5.79 23.538 1.76116 6.82561 -2.13l
6.668 1.q91566 #.0014r -6.?? 15.266 1.85956 6.61313 -5.76 26.611 1.811 9.81Z653 -1.77

9.588 1.91678 9.007!1 -8.75 15.606 1.85S3S9 0.01336 -5.69 26.508 1.67662 8.62761 -1.38
9.68 1.91396 6.06710 -6.76, 15.681 1.15119 6.113S9 -11.64 25.660 1.66604 6.62676 -6.96

* l this table inor deeimmi places are reported that varreaed merely for the purpose of tabular e..oothnas Lod lam nl oomparlmon.
For 1fl58311516 ieclwa places and aztertainlee of talimited value@ in various waveleagth rarges, see the tnti at subection 3.4.
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3. 5. Sodium Fluoride, NaF

Sodium fluoride is less hygroscopic than the other alkali halides, with the excep-

tion of lithium fluoride. It is transparent over the same range as calcium fluoride a

wider range than that of lithium fluoride. It is not satisfactory mechanically, but it has

some uses in cases where a particularly low refractive index is needed. It can be easily

evaporated as a thin film and can be used for reflection-reducing coatings, since it has

one of the simple crystal structures. A number of the characteristic physical properties

have been measured; those related to the dispersion of NaF are listed in Table 3.

Available data on the refractive index of NaF are not abundant, mainly because of

its mechanical weakness. The ultraviolet absorption region was investigated by Sano [491,

the transparent region by HohIs [291, Harting [30], Kublitzky [50], and Spangenberg [45],

and the infrared region by Randall [511. Zarzyski and Naudin [44] obtained n for molten

NaF at the Hg green line at a temperature of 1273 K. After carefully reviewing of all of

these investigations, we selected the data reported by Holds [29], Harting (301, Kublitzky

[50], and Spangenberg [451 as the basis for the generation of reference data. Among the

selEcted data, those of Harting [30] and Hohls [29] (curve 3 in Fig. 17) are reliable and

receive heavy weight in the analysis. The accuracy of Kublitzky's value is one unit of

the third decimal place, although his values are reported to the fourth place. Three sets

(curves 4, 5, and 6) of Holds' measurements are for thin films and therefore are not

consistent with those of bulk materials. Values reported by Spangenberg are inaccurate.

Low weights were given to the data sets with low accuracies.

It appears that all the chosen data we -e obtained at temperatures close to 293 K

and that the dn/dT values are small (less than -1. 5 x 10 5 KI1 ) , so that corrections to

the chosen data are not significant. However, knowledge of dn/dT is indispensable for

reducing the n values to other temperatures. Limited experimental data on dn/dT were

reported by Holds and Harting. The results of the least squares fitting of the dn/dT data

to Eq. (19), together with the results obtained for LiF, NaCl, KC1 and CsI, lead to the-1
empirical parameter values listed in Table 5. These enable us to construct a formula

dn 3.404____, _ ___ .30_____

2n = -9.51 (n2-1) - 0. 92 + 3.404X 4  + 83.30(31)
(,2 - 0.01369)2 (X2 - 1645.92)2

for estimating dn/dT of NaF in units of 10- 5 K- 1. Values calculated by this equation agree

very well with the available data as shown in Fig. 19.

Radhakrishnan [48] worked out a formula to correlate the dispersion and the char-

acteristic absorption peaks. His formula gives values of 6.00, 0.114 jm and 45 * 'or
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the static dielectric constant, and the wavelengths of ultraviolet absorption and infrared

absorption peaks, respectively, in considerable disagreement with the values now avail-

able (see Table 3).

After making temperature corrections to the chosen data on n, the resulting values

were least-squares fitted to Eq. (10) with the aid of appropriate parameters from Table 3.

We get as the dispersion equation of NaF at 293 K in the transparent region, 0.15-17. 00 pm,

n 2 =1.41572+ 0.32785X2 3.18248X2  (32)

n2 - (0.117)2 + 2 - (40.57)2

where X is in units of ;in.

Equations (31) and (32) were used to generate the reference data given in Table

17; dn/dX values were evaluated by taking the first derivative of Eq. (32). The generated

values are given to extra decimal places for the purpose of tabular smoothness. The

uncertainties in the values are as follows.

For refractive index:

Wavelength Range Meaningful Estimated
(Am) Decimal Place Uncertainty, +

0.15- 0.20 3 0.006
0.20-11.00 4 0.0005

11.00-17.00 3 0.006

For dn/dT:

0.15- 0.18 1 0.9
0.18- 3.00 1 0.1
3.00-13.00 1 0.4

13.00-17.00 1 0.9

t

2
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TAIII.V 20. RECOMMIEND)ED VALUES 0OW THE REFRAcrivE IDEX AND ITS WAVELENUTH AND]
TEMPERATURE DERIVATIVES "O NILF AT 293 K'

A d/d /rr A-ft/d.\ da/dT X-hb/d). dak/dT

.16 1.500fl5.77. 3.12 6.270 1.34.079 0. 25004. -1.32 Wit6 1.32365 6.6114 -1.69

I. .1.804z 04.6425 2.30 1.274 1.34.779 1.20#251 -1.33 0.7#18 1.3222? 4.66069 -1.69
S.256 1. 471lot Ob..11?97 1.17 1.27b 1.34.731 C.235e5 -1.3#4 C.760 1.32303 6.86922 *1.?c401 1.1-63'.1 3.61112 1.60 6.274 1.!148 0. 2294.5 -1.1S 0.766 1.32265 0.1162 -1.?$

8.1460 1.4.9613 3.416 e1 1.4.3 8.206 1.34.639 0.22329 -1.36 0.666 1.3226i 6.6064LI -1.761.1lb7 1.0#4948. 3.18237 1.20 6.262 1a.s4o9 0.2173S -1.3 H .6920 1.32253 0.II711 *1.'5
0.114. 1. 44.21 2.17374 1.06 1 .2e4 1.34.552 0.21164 -1.37 @.$let 1.32236 6.0716 -1.766.16b 1. 4377?b 2 .694.$ 0.6? 0.206 1.34.510 0.21613 -1.30 6.0664 1.32?24. 0.00680 -1.766.160 1.4.3z54 2.4it14 0.67 6.288 1. 30#0.0 S. 20r.0 -1.36 6.60 1.322111 0. b -1.76

6.270 1.A.777 6 2.30975 0.52 0 .?90 1.34430 0.19570 -1.391 0.906 1.a2196 0.0961(h -1.71
1.17? 1.4.2333 2.14464. 6.39 I.Z02 1.31.391 0.19670 -1.410 0.920 1.3218f 8.00565 -I.7z6.1741411 2.00022? 0.2? 0.Z14. 1.34.354 0.1860 -1.460 0.940 1..217! 0.60559 -1010.176 1.4.52 .6775 R.17 6.296 1.34.317 1.16140 -1.41 0.960 1.32164. 6.66S36 -1.711.086 1.4.1170 1.74.777 6.07 1.216 1.34.261 @.17005 -1.0.1 0.966 1.32153 0.06515 -1.71

0.184 1.4.0632 1.63(6 -3.02 0.306 1.34240 6.07266 -1.42 1.666 1.32143 90&4.96 -1.711.68Z 1.19141 1.5.1173 -0.11 6.30S 1.34.101 0.16254 -1.43 1.656 1.32120 4004ass .1.71
9.IA'. 1.4'16 11.44632 -0.10 6.316 1.34664 6.10323 -1.45 1.110 1.32298 6.00.,22 -1.710.186 1.39914 1.36561 -0.25 0.315 1.345601 0.144.1% -1.4f4 1.151 1.320?7 1.00397 -1.116.106 1.39664 1.21IF66 -0.32 a.320 1.33939 0.13e71 -1.1.7 1.200 1.32056 0.10376 -1.I1

6.190 1.394t19 1.210(2 -0.30 0.329 1.33072 0.12936 -146 1.256 1.32039 0.60311 -1016.lq? 1.39102 1.to3ae -6.44 0.330 1.33609 6.1225? -1.490 1.360 2.32022 0.00340 -1.71
0.194 1.36957 1.G'2fq -0.49 0.335 1.33751 0.1(6 -1.50 1.350 1.3200! 0.01!36 -1.716.t06 1.364.46 1.63720 -0.54. 9.34.6 1.33093 9.11039 -1.51 1.4860 1.31M0 0.04331 -1.71
6.196 1.36S42 0.94!12 -0.51 1.345 1.333 0.1044q2 -1.51 1.4.56 1.31971 6.60326 -1.71

6?6 1.36350 6.03747 -0.(3 4.390 1.33#18 0.69982 -1.92 1.560 1.31055 0.00322 -1.11
6.20? 1.3816? 8.s927? -0.67 6.355 1.3353906.09506 -1.63 1.551 1.3193S 0.60320 -1.110.261o 6.37902 0.6599q -6.71 1.310 1.334193 0.09061 -1.54. 1.606 1.31023 0.1631q -1.71
6.266 1.17621 1.41186 -807 6.305 1.3344906.0644 -1.54 1.656 L.3116? 0.00319 -1.71
0.206 1.37666 0.77553 *6.FG 0.S70 1.Me*0 0.Ift33 -1.65 1.780 3.31091 0.0032C -1.11

4.161 1.37516 0.76.1!6 -.. t 6.375 1.33360 0.07006 -1.05 1.756 1.31675 0.80322 -1.71
6.212 6.37371 0.70031 -0.04 0.306 1.33320 1.97!42 -1.50 1.66 1.31659 0.003(4 -1.71
1.?141 1.37232 10971 -0.07 6.305 1.33291 0.07210 -1.67 1.850 1.31643 0.0112? -1.116.716 1.30691 0.64M9 -6.96 0.396 1.33255 0.6913 -1.07 1.960 1.31614 0.00330 -1.710.216 1.36972 6.624.'! -0.13 0.315 1.33222 0.06626 -1.56 1.956 1.31616 .6.0334 -1.71

0.?20 1.366449 6.51013 -0.05 0.4.00 1.33169 0.6434 -1.58 2.680 1.31793 0.6013 -1.71
0.2?? 1.36732 6.57943 -0.9? 0.4.10 1.33126 1.05657 -1.10 2.090 1.317?1 0.6031.2 -1.716.22'. 6.36,19 6.5565 -60 1.410 1.33072 1.014i11 -1.66 2.146 1.317sl 6.001%.7 -1.71
0.7?6 1.36516 6.51116 -1.6l 1.4.36 5.33026 0.15012 -1.66 2.166 1.31041 6.66352 -1.71I.??$ I.J64.00 0.91165 -1.64. 6.44.0 1.117 0.14.652 -1.61 t.268 J.317110 0.0035Y -6.70

0.930 1.36305 90#1.21? -1.66 1.4.50 1.31027 6.04.327 -1.92 2.250 1.31700 6.00362 1j.70
1.21? 1.36209 0.4.74.09 -1.68 6.4.00 1.3246 1.04.633 -1.62 2.206 1.st(6? 6.663ed -1.700. 2346 1.36116 1.1#9761 -1.69 6 .4.70 1.1204.6 0.63740 -1.63 2.350 1.3196 6.66274.m -3.706.2716 1.36O26 6:4.141 -0.11 1.4810 1.32609 0,03524 -1.63 2.4.61 1.31150 0.66366 -1.760.230 1.30939 644619 -1.13 6.0110 1.22775 6.13301 -1.6 2.0.5 1.31631 060306 -1.70

6.246 1.39655 6.4.1143 -1.14 0.060 1.82743 0.13106 -1.101 2.560 1.31611 5063S2 -1.70
V 7.?6t 1.I574 018979? -1.18 lost@ 1.32713 6.6*065 -1.60 2.556 1.31112 1.00396 -1.691.44 .35690 0.381 -1.17 $eggs 1.3f665 0.62746 -1.66 2.600 1.31171 1.604faI5 -1.69
1.246 1.39621? 6.15911 -1.21 :04.1 9,1SIB 0.0244 -1.00 2.700 1.31031 :.061 -1.10
0.24 t.19911? 6.3716 -&.1f 6968 1.31603 6.62560 -1.60 2.65 1.31131 0.06*11 -1.00

# .?go 1.15#$?? 0.34.797 -1.21 1.0 .2 0 .1f:11 'I.U 2.756 1.31509 .845 16
6.2S2 1.16*0I 033414 -1.12 $.f66 1.02547 0.02169 -1.66 2.600 1.31160 6.18431 *L.69
6.241 1.351412 0.02646 -1.24 6.676 1.11166 6.62076 -1.66 2.006 1.11#861 1.194.38 -1.66$45.26 1.55178 #.I1631 -1.20 6.060 14310,09 6.01570 -1.67 2.966 1.31444 1.604%41 -1.6

0.256 6.30210 0.3166 -1.20 0.596 1.3122 6.1073 -1.67 2.960 1.314.22 6.s61412 -1.66
* .260 1.35100 6.21742 -1.2? 0.60 1.3106 6.61761 -1.67 3.00 1.31399 0.60*65 -1.06

0.24f t.89094 6.18808 -1.88 866 1.3264.' 0.01619 -1.66 3.655 1.31376 0.04.66 -1.60
0.264p 6.3504.0 1#11169 -1.2l 0.646 1.344.3 014.?41? -1.66 3.160 1.31*52 4.44103 -1.66
6.266 1.3494 0.27690 1 6 6.660lgo 1.32101 0.01363 '1.64 3.150 1631321 los0%60 -1.670.266 1.54931 6214414 -1.31 0.600 1.3139 614. -1.60 3.266 6.31366 6.S166 -1.67
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TABLE 20. RECOMMENDED VALUE8 ON THE IIEFRA(TIVE INDEX AND ITS WAVE LINGTH AND)
TEMPERATUIE DERIVATIVES VOR NSF Ar 293 K footaued)*

-d/d dn/d1 1. -d/dX dn/dT x -da/dX dii/dT
IMn9 104 K _ M nO W- 1 K-

4  
AM tg4 10-' K-4

3.299 1.3120 0.00465 -1.67 S.600 1.29688 0.CO8?O -1.!3 9.Fo60 1.245S 4.016Os -6.16
3.506 1.11291 6.60902 -1.67 S.700 1.29600 0.008e? -1.52 9.600 1.?435! 8.01719 -0.96
3.360 1.31230 0.00010 -1.67 5.60 1.29511 O.C09C4 -1.St 9.903 2.24182 0.217,13 -i.4
3.404 1.31204 6.6st? -t.e 9.980 1.29419 0.COC22 -1.51 10.000 1.2400 0.017t0 -0.92
3.490 1.31170 3.09?24 -1.1f 6.010 1.29326 0.00939 -1.5C 10.90 1.23t4. 0.91416 -0.46

3.900 1.31152 0.015t 1.2 6.100 1.29231 Wags09? -1.4q5 10.1.04 Z.2327C 8.01869 -8.83
3.9150 1.31129 O.ICS!9 -1.66 6.200 1.2913S 0.COS75 -1.48 10.600 1.22900 0.Itq2l -0706
3.600 1.31490 I.0G947 -1.69 6.300 1.29037 1.Coqq! -1.47 10.000 1.22510 0.0199 -0.T3
3.680 1.31070 9.10S! -t.65 b.400 1.26916 0.01011 -1.4t 11.200 1.22110 6.$0202 -. 16
3.700 1.3104? 0.089t2 -1.65 6.900 1.20834 0.01029 -1.4s 11.zo0 1.21690 0.4ses -1.63

!.?S .31114 0.0057O -1.69 6.600 1.28731 0.0117 -1.44 11.400 1.2127 .1 00243 -0.S?
3.006 1.39095 1.1 77 -1.6! 6.700 1.2002S 0.01016 -1.43 11.600 1.20841 0.92202 -0.1
3.050 1.319SE 1.11151 -1.64 6.900 1.2617 0.C1004 -1.42 11.800 1.2035 0.02Z(2 -1.45
3.906 1.3092? .000913 -1.O4 6.q50 1.20408 0.01103 -1.41 12.000 1.15 3q 0.12324 -1.38
3.950 1.300? .006608 -1.64 7.060 1.Z629 O.01122 -1.39 12.20 1.1946S 0.0238? -0.32

4.000 1.3067 6.00600 -1.63 7.100 1.2018ia 0.01141 -1.30 12.400 1.16981 0.024S2 -0.2S
4.090 1.30636 0.00616 -1.63 7.200 1.20099 0.C110 -1.37 1W.600 1.10644 0.0519 -0.1?
4.100 1.30609 0.00(24 -1.63 7.300 1.27952 0.01179 -1.3( 12.6C 1.179741 0.82588 -0.69
4.11 1.307?. 0.006!1 -1.63 7.400 1.27633 0.1199 -1.35 13.030 3.17449 0.021,56 -0.01
4.206 1.J04.2 0.#0(39 -1.62 7.900 1.27712 0.01216 -1.34 13.200 1.1101C 0.OZ31 6.67

6.250 1.30710 6.600 7 -1.62 ?.600 1.Z7509 0.01238 -1.32 13.400 1.1135? 6.0?666 6.16
4.300 1.3067? 6.6flf!s -1.62 7.700 1.274E5 0.01216 -1.!1 13.600 1.15780 0.02883 0.29
4.350 1.3064's 0.07603 -1.62 ?.600 1.27338 0.01278 -1.30 13.900 1.15204. 0.029(2 0.39
4.406 1.00611 0.C66?1 -1.60 7.903 1.27209 0.01290 -1.Ze 14.000 1.14.t3 0.03044 0.4s

4.4s0 1.31577 0.00679 -1.61 8.000 1.27075 C.01!10 -1.27 14.200 1.130S 0.03128 0.59

4..00 1.30543 0.0068? -1.61 6.100 1.26954 0.01339 -1.26 14.400 1.1311 0.03216 0.66
4.50 1.30906 0.66qs -1.60 6.Z00 1.26810 0.010 -1.24 14.b00 1.12699 0.03306 0.70
4.600 1.30474 0.06703 -1.60 0.300 I.Z6t?3 0.01101 -1.23 14.000 l.120q 0.03359 6.0
41.6590 1.301638 0.0711 -1.60 0.416 1.26!34 0.01402 -1.21 19.000 1.11140 0.039 1.03

4.700 1.36402 0.10719 -1.S9 0.SO 1.26393 0.01423 -1.20 11.Zoo 1.10631 0.03995 1.18

4,.7 O 1.13 6 .00?2? -1.91 8.600 1.26250 0.C144 -1.16 15.400 1.09901 0.03699 1.31
4.800 1.10610 0.607?6 -1.5 8.700 1.26104 0.014fb -1.1f 15.600 1.09151 0.03606 1.45
4.690 1. 0293 0.007&14 -1.98 8.6006 1.2956 0.01488 -1.1! 15.800 1.00379 0.0391? 1.61
4.900 1.30295 0.0072 -1.98 0.906 1.2500b 0.91511 -1.13 16.000 1.07!84, 0.04033 1.77
4.SO 1.30217 0.60710 -1.90 9.00 t1.25(546 0.0112 -1.'1 16.200 1.0676! 0.441!3 1.54'

9.004 0.10179 0.00706 -1.9? 9.100 1.25500 0.011SE -1.10 16.400 1.09922 0.04278 2.13
9.10 1.30102 6.00?75 -1.97 9.20 1.25343 0.01978 -1.00 16.600 I.OSO 0.44408 2.3Z
9.201 1.31022 0.01602 -1.90 5.300 1.25184s 0.0161 -t.0 16.00 2.06195 0.04943 2.92
9.300 1.29941 0.00011 -1.15 q.4.0 1.Z5023 0.01624 -1.04. 17.600 1.0323( 6.0460S 2.73
9.410 1.2q899 1.00816 -t.§! 9.00 1.?4860 0.0164? -1.02

In this tale more decimal places are reported than warrantet] merely for the purpose of tabular smoothness and interMi comparison.
For meangful decimal plaes and uncertainties of tabulated values In various wavelenth ranges, see the text of subsection 3. 5.
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3.6. Sodium Chloride, NaCl

Rock salt is uniformly transparent from 0.2 pm in the ultraviolet to 12 PM in the

infrared. In the region of 15 gm the absorption increases rapidly. Rock salt in moderately

thin pieces may be expected to transmit several percent of the light up to wavelengths as

long as 26. 0 pm. However, a plate 1 cm in thickness is completely opaque to radiation

of wavelengths greater than 20 m.

Rock salt has long been a favorite material for infrared spectroscopy. It polishes

easily and, although hygroscopic, can be protected by evaporated plastic coatings. It

shows excellent dispersion over its entire transmission range. It has been difficult,

however, to obtain natural rock salt crystals of sufficient size and purity for making

optical components. As crystal-growing techniques advanced, synthetic sodium chloride

crystals have been grown up to 11. 3 kg in weight by the Harshaw Chemical Company,

making this material readily available for large optical parts and stimulating the design

and construction of infrared instruments.

Measurement of the refractive index of sodium chloride dates back to 1871, when

Stefan [53] determined the refractive indices of a rock salt prism for lines B, D, and

F. Since then, a large amount of data in the transparent region has been contributed

by a number of investigators, among them are Martens [54j, Paschen [55], and Langley

[56]. They used either the deviation method or interferometry in their experiments.

It was not until 1929 that measurements were carried out beyond the transpacent re-

gion. Kellner (57] determined refractive indices of NaC1 in the 23-33 4m region, based

on information on transmission and reflection of thin specimens. Data in the infrared

region are now available up to 300 pm and at 2000 ptm. Most of the Ifl data were deter-

mined from the analysis of the reflection spectra.

After a careful review of the available data, six data sets measured by Martens

[54], Paschen [55], Hohls [29], Harting [30], Rubens and Nicho]F 158], and Rubens and

Trowbridge [59], were selected as the basis for reference data generation because of

the consistency of their results. Data sets whi~h are not selected were either reported

as poor values or were determined by inadequate methods. Data for the absorption re-
-, 4

.4 gions were not .ucluded in the analysis but are given here for completeness of data pre-

sentation. Note that the selected data, except those of Harting, were obtained at a

temperature of 291 K. A temperature correction should he made to reduce them to 293 K.

The temperature coefficient dn/dT is available over a large part of the transmission

region of NaC1. Based on the existing data on dn/dT and the parameters from Tables 2
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and 3, a least-squares fitting of the data to Eq. (19) was made. The results, together

with those obtained for LiF, NaF, KCI and CsI, provided clues that led to the parameters

listed in Table 5. With the aid of these parameters we were able to construct a formula

for calculating dn/dT for NaCI:

2n - 1 = -11. 91 (n2-1) - 0.50 + +.118 199.36 X (33)

(2 - 0.02496)2 (X2 - 3718.56)2

where dn/dT is in units of 10- 5 K~I and X in gn.

In Fig. 23, values calculated by Eq. (33) are compared with the experimental

data. It appears that for wavelengths less than 2 microns the calculated values are higher

than experimental data, while for longer wavelengths the reverse is true. After a care-

ful review of the data on dn/dT and the table of source and technical information, we

find that data sets 34, 42, 43 and 45 were obtained at mean temperatures of about 330 K,

which is about 40 degrees higher than 293 K, while data set 44 was obtained at tempera-

tures about 20 degrees lower than 293 K. Although we stated in connection with Eq. (4)

that dn/dT is found to be relatively independent of temperature over a fairly wide range

of temperatures, it has been in fact observed in halide crystals that the absolute value

of dn/dT Increases somewhat with increasing temperature. This fact is demonstrated

clearly by Eq. (33), as can be seen in Fig. 23 in the wavelength region below 2 Am. In

the higher wavelength region, the existing data are insufficient to test the dn/dT formula,

but the correctness of this formula can be substantiated by two facts. The first is that

the calculated curve is approximately parallel to curve 44, which is consistent with the

observed dn/dT behaviors. The second is that the empirically constructed formula

for CsI predicts correct values for CsI in the long wavelength region, as is discussed

in subsection 3.20 and is assumed to be generally the case here.

Equation (33) was used to make temperature corrections to the selected data

sets which were obtained at temperatures other than the selected reference temperature,

293 K.

4 Various dispersion formulas have been reported by a number of authors, in
jdifferent forms. Table 29 contains a number of typical formulae. They have all been

reduced, wherever possible, to standard forms -o that a close comparison can be easily

made. From the information in Tables 29 and 3, input parameters for least-squares

fitting were obtained. The calculation yielded the following dispersion equation for NaCI

at 293 K in the transparent region, 0. 20-30. 00 pm,

lo
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S=1.00o55 + 0. 19800X2 0. 48398 0. 38696 2 +0. 25998

X-(0.050)2 ,-(o.loo) 2 )2-(0.128)2 x-(o.158)
(34)

+ .08796 X2 + 3.17064 X2 + 0.30038 X2
X,' - (4o.50)' . -(60.98)2 x'-(120.3)'

where X is in units of gro.

Equations (33) and (34) were used to generate the reference data given in the

table of recommended values; dia/d)X values were evaluated from the first derivative of
Eq. (34). The numbers in the table of recommended values do not reflect the degree

of accuracy and extent of reliability; extra decimal places are given for tabular smooth-

ness. Actual uncertainties are as follows.

For refractive index:

Wavelength Range Meaningful Estimated
(AM) Decimal Place Uncertainty, +

0.20- 0.25 3 0.006
0.25- 0.35 4 0.0005
0.35-10.00 4 0.0001

10.00-15. 00 4 0.0003
15.00-25.00 3 0.006
25.00-30.00 3 0.02

For dn/dT:

0.20- 0.24 1 0.8
0.24- 4.00 1 0.2
4.00-15.00 1 0.4

15.00-20.00 1 0.6
20.00-30.00 1 0.9

-7

AL
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TAXLZU . DUZCDEJIO D VALU ON TRZ REPAC1IV3 Z f VIOD AM1M WAVKIZNG1'3 AM
TUMPATNK DENVATVEN 21M N4CI AT 203K

gIao .qqq 6~s 1.0 635 1.62 6.10791 -2.16 1.9#3 1.52411b 6.*68*5 -3.32
1.0 1.61 8706 .0 6355 1.3 6 0364950 -2.75, 1.556 2.02982 0.63510 -3.2

.28 165 4.83686 3.8 6.1 * 1132 S.330 -2.31 1.6#8 3.52782 #.09391 -3.1
6.200 1.70Z3% toii 2.5 :.39S 1.6706 6.21636 -2.1* 1.656 1.52103 1.60346 rJ.32
6.266 1.153 a.02 2.3 6:l .371 1.1736 #.39J42 -2.06 1.716 1.92745 6.60346 -3.32

6.1 .1*616 3.65752 2.16 #035 1.93s6 8.264 -2.61 1.756 1.927re 6.6931 -3.12

N21 1.30 .86 .6 .6 .78 .27835 -2.65 1.806 1.52712 6.18310 -3.32
6.1 1.?3251 1.25656 1.56 0.305 1.17118 6.26261 -2.51 1.656 1.52651 0.66362 -3.32
620 12?605 3.61344 1.2 635 1.50066 6.25093 -2.53 1.968 1.52C62 6.60291 -3.33

MG21 a.20 2.1651 0.5 63;5 1,96668 1.23169 -2.58 1.50 1.52606 8.81241 -3.32

Sail 1.71855l 2.7(9!6 6.72 6.1460 1.3146 6.229589 -2.55 2.600 1.52654 6.662?2 -3.32
::?r? 1:16961 2.02223 6.51 6..816 1.S0526 6.21661 -2.56 2.450 1.124,41 0.06266 -3.32
.224 1.1648 2.80420G 0.31 9.48 1.36328 6.19417 -3.00 2.100 1.52121 0.862!7 -3.1

6.226 1.699 3 23'S6 2.2 686 1 6:.192 -3.01 2.1S: 1::216 1 .252 :3.:12
6228 G946985 2.:2653* -0.652 6.6 9565 G.1S53 -3. 12.2 ace . 1 662817 .3

620 1.19050 211211 -6.21 6:466 1.35665 6:1530 36 2:256 1.255: 0642 -33

0.28 .6225 1.1,7847 -.. 0.8 6.1 1.3515 6.131 26 -3.0 G.q 36 0321 33
6.34 1.876 #.A6-. 4.6 .526 9182 11 2.860 1.5255* 6.10231 -3.32

6.236 :1.6b78 1.01 2 31: -61 .1 1.35276 C.11 -3:1 2,85 1.:5238 5 643,-3

0.238 1.888 Fit 0671 -16 6.5 1 13807 66514 -3.151 2.600 1.250 .0221 -3.32
Fill6 I.VISE 1.:Y12 1.1 3 .3 1 .3: * 0.16 -3 2.:56 1:52M: 6.63129 -3.32

6.8 1.662 1.8607 12 6.8 1..0523 667 9 -3.17 2.70 1.5?20 06228 -3.32

1.2456 1 .6651 1.6421 -1.20 6.556 1.58601 6.0S60 - 3.1 2.7oo 1.25 @.Go6225 -_3.32
0.'? 1.6613f 1.94119 -t13 9.534 1.4801 6.67582 -3.16 2.690 1.92073 0.68226 -3.32

6.244 1.868 1.337 -1.21 1.510 1.18573 0.871 -3.15 2.656 1.52466 9.626M -3.12

0.756 1.166723 1.4239 -1.50 6.566 1.94671 6.17589 -3.16 2.906 1.52'815 0.6622 -3.32
?.5 081 1.23063 -:M 1.36 6.500 1.36 0:66566 -3.26 2.540 1.52823 6.80227 -3.32

6.256 1b#*22? 1.311 16 04s0 1.38383 0.67126 -3.21 3.60 1.52*16 0.06226 -3.31
6.262 1.1#3 1.2t378 -1.6665 0 1.58 22 6.65803 -3.20 3.00 1.528107 .06226 -3.31
0.26 1.64008 1.11025 -1.73 6.680 1.38128 0.634a8 -3.23 3.160 1.S2353 0.80226 -3.32

6 1 :61.3882 1.196201 -1.70 6.600 1.863 0.603 -3.21 3.100 1.523618 0.68231 -3.31
0N660 1 , 3991 1.6*620 -1.63 0.660 1.9430 0.45463 -3.2 3.066 1.52367 6.08229 -3.31

6.268 1.67731 9.05387 -1.73 06780 1.3126 0.03149 -3.23 3.100 1.52331 0.6621 -3.31

6.270~~::14 9 :.28 . 2 6 26 .6 . 3 6 . 2 0 3:26 3.860: 1:52364 6.602301 -3:316.276 0.M4461 2.6 91 -2.689 6.6 .311 6060 -32 .5 1513 6608 33
6.P66 1.6231 0,16866 -236 a.6 1 .356 660 -3.27 3.566 1 21 .6282 -331

6:274 1 . 1 8 6. * 0 -I 2 .1 3 0.:8 1.3 0 6.6215 -3 29. 6 1 21 1 6. 08 . 33

.776 (.1?W4 .13 -2.21( 7.8 .336 0.16723 -3.2 3 36 1.5222 06231 -3.31

6.a 1;:7 .501 -. 8 0 6 1.15317 1:30.62 -1:20 3.150 1.23? 6.:253? -3.10
6.272 1.62S2 0.13320 -22 6.2 1.o31 a.18 32 3.666 1.522S 9.#0219 -. 36
0.278 1.61060 1 3 3 0.586 4 w~ 1.!,3e25 0.16829 -3.25? 3.656 1.52318 6 21 -3.36

0:27 10 1:60 6 0. 6 6 -2 36. 6 1 3 22 6. 1 6 -3 63. 5 1.2166 0.639 . .3

6.06::06 4618 -2.31 166 1:320 0.16 -3 866 1.:5: 521i8 60265 -3.3
#.0 .05 .6111# -2.811 se56 t338 0.1121 -3.30: 3.5 1.52261 866246 -3.30

0.246 1.66E .12 28 .0 1.63421 .068 -. 1 816 .28 :.66 1 32

[.3 .lisp? 0.85637 -. 68 2 .6 1. 36 i.s03 32 3.6 1.?5 66e 6 -32

3.335 1.50606 0.8231 -2.26 1.336 1.525I0 .018S -3.32 8.350 I.52070 6.66263 -3.2
0:29t ::612 a0.8566 -227 1.926 1.2330 0.862 -3.32 3.800 1.522f3 6.66265 -3.31

6.385 1.6#031 0607G6 -2.78 0.80 1.!3287 6.06868 -3.32 3.956 S.5260 6.662 -3.30

0.0 I.E66 4.*266 -2.3 ___.00________ .812_ -. 1 8.4 . f# 0.615-33
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TANA. SL. 3OCORMWU VALUE CON TOM 13ACTIV3 513w l WYLEGE
TuUANIMArtUf UINVAYI9'U M WWI AT M KAILW AMi

AA a~~h -* M A A v919

40see A.ffeie 9.9991 .02 es 1624143 9010114 -l.s1 066 l.oWA 6.0116 -lot$
4.0su leuus 84e293 -Sete go 4.0,10 ees0416 -Boss 15066 1.66823 e~Solys -8.19
4.600 louses# 0.88810 -308S a.le 1610881 @401195 -1.o" 10.66 1.ollI $*steel -3.11
4.691ii~ m$mcust *a.18 09 ~o$#4 ~. nset ae oc aoia*ea -3.4 69 0313$013-.66
*006 1.3 977 30103 -3.30 s.ome %JIM1 9.14$78 -3.66 16.046 1.08960 8.312*3 -2.0

4.710 1.51901 9.116S -3.26 1."$6 1.6112 1.61$77 -2.6? 16.066 1.06853 0.61810 -1.9?
14.6e6 1.91146 s.ense -l.t? 9.666 1.t1146 .0 90ss -1.96 10.6 S.AM99 6.61311 -1.ll
it.off 1.31931 1.61316 -3.2? 9.16 S29c sig . 11211i -3.ee Meet6 1.61,30 6.61310b -1.6
6.910 1.91111 6.8113 -3.2? sme 104,9014 e.10muo -3.6 17.256 1.41411 eoolla -1.01
tt.l3f 1.310,9 6.61310 -3.2? 9.336 1.%916 8.1666 -1.60 17.06 1.63198 m.613ua -1.75

3.068 1.91093 $.$Os19 -3.2? .006 1.409s 0.1613 -1.61 17.618 1.41420 01.01340 -1.76
966 .90 16.10339 -3.31 9.468 1.09193 0.0461 -3.61 1706 1961669 6.1111 -1.00

It23 1.s3t1010 0.66311 -3.26 9.693 1.0913 9.00010 -1.63 sees$$ 1.010060.113 -1.30
9.300 1.91039 6.0637 -3.20 9.76 1.91144 c.09686 -3.61 1Got$$ 1.0167 8.61061 -1.31

3.6 1.91731 9*.6143 -3.23 9.ecm 109684 146.643 -8.66 10.446 1.06771 6169 -1.03$

391.5 171.ipe03.9069 -3.23 1.110 1.09339 6.60031 -2.91 toos 1.060706 0.01310 -1.36
3.66 &.$list 2.0cats -3.29 98.06 1.003 0.11Me -2.99 14ees 1.00173 0.01108s -1.81
$4001 1.51065 9.90311 -3.20 11.1111 101#69 sells?% -2.91 19.066 1.39001 1.61976 -1.30
3.666 1.31009 8.9860 -3.30 19.466 1.09300 6.16069 -1.11 19.36 1.316%0 8.8019 -1.10
3.930 1.91912 6.6674 -3.20 19.4411 1.0903 M.o6es -3.93 19.46 1.19222 6.4617 -1.0e

0.10 1.51536 0.86319 -3.23 19.848 1.06923 0.63726 -3.911 11.669 1.38093 4.861? -1.01
G.116 I.S10i0 64337 -3.23 11.66 1.66770 1.11736 -2.69S 19.660 1.3193 6.61000 -0.62
0.M6 1.31057 M86093 -3.32 %1.f0$ 1.00036 6.26792 -2.67 "M.e6 1.36214 4.61717 -0.001
0.366 1.914471 .0611 -3.21 11.66 1.0670 6.66709 -8 20.1100 1.17201 4661711 -6.62
6.1016 1.91077 0.966 -3.31 11.01 1.00613 6.0860 -2.03 It*$@$ 1.364,33 4.9676 -l.1s

.30 1:.313304 .31: -3.21 11.049 1.00103 4.8moci -2.01 a1.333 1.33101 0.61909 -6.11
000 .1290 4~oi -. 1 19.061 1.46666 c.esois -2.70 22.0616 1.34451 1*$11114 6.17

6.766 1.51*32 0.10083 -3.26 11.219 10788# 8.011834 -3.70 22.561 1.81000 61160 000
0.06 1.51269 1.61012 -3.21 12.068 1.0700 6.60032 -17 23.008 1oJ2311 1.113"7 0.02
6.90# 1.6131 8.3029 -3.19 1loilo 1.07093 6.66070 -3.11 H1ee0s 1.311470? 60380 1.1l

?.6 1.12 .00 3.19 It.0"6 1.4718 Moss?6 -2.00 140.60 1.19131 0.42%08 1.36
7 10 1.177 0.602 -3.10 13.0 1.0718 166989 -3.63 20.606 1.2640 10601146 2.03

7 too 1.91031 6.9606 -3.10 13.201 1.64956 6.66981 -3.02 19.666 1.716 960373 t.30
7.360 1.90903 0.AM0S -3.17 11.000 1.0671 01.691,1 -toll 19.5604 1.3133 6.620004 8.60I7.661 1.3933 91167P .3.17 13.066 1.06079 606969 -3.0 20.060 1.04064 63133 169

7.0 1.3609 0.63079 -3.1 1I.MS 1.069 6.66970 -2.3 20.366 1.2860 @.as1et 0.21
.06 1.3612 3.1366, -3.13 10.66e 1.04106 6.66997 -. 96 Meet6 1.21203a 6.18310 0.96

7.M6 1.30790 6.33092 .3.13 10.206 1.69054 s.6101* .41 27.366 1.11931 $.0Into 3.03
7.861 1.307#sf M.e009 -3.1 10.066fla 1.0671 6 61 -2.01 20.606 1.17173 6.63701 0.09
7.936 1.00690 1.3386 -1.0 14.046 104071 1.1639 -139 18166 1.19133 0604193 1.%1

1.60 1.0060 3.91513 -3.18 1006 1.9091190171 -38 R9.m6$ 1.18096 0.90449 0.03
6.166 1.363l.9111 -3.18 1$.60 1.6142 6.6169" -2.31 Met@0 S116'1 0.0%611 91.0
3.81 1.36339 3.0632 -l.12 19.01 1.0091 6.61110 -3.204 36.090 1.6los7es .6007 16.03
lost$ 1.3460 6.66310 -3.11 13.056 1900696 8011116 -2.20

in we "m. am*3 dew "NmmIgaome i. Sa. Owwm. in6 p~90~ m d Od Ormrso #M 10umbem mu
V., am"M ftemi plmm &W sinuqa10Im 49 ftd~ volu. a3 vw 6u womwo m , so ft6i wo mmkm 80
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3.7. Sodium Bromide, NaBr

Sodium bromide is very hygroscopic and highly soluble in water and is therefore
not a useful material for making optical components despite its transparency over a
wide wavelength region from about 0.25 to more than 30 jun. While NaBr is not useful
for ordinary applications, it is an interesting material for scientific research. The wave-

length of ultraviolet absorption peaks has been measured by Hilsch and Pohl [231 and by
Schneider and O'Bryan [241 and that in the infrared was reported by Lowndes and Martin

[131, who also investigated the dielectric constants. The results obtained by these in-

vestigators are shown in Table 3.

Experimental work on the refractive index of NaBr is very scanty and is limited
in the near ultraviolet and visible regions. Only five documents could be found in the

open literature. By a careful review of the available data sets one finds that only two
sets of data, those of Gyulai [271 and Wulff and Schaller [85], can be used to carry out
analysis; the others are either inaccurate or otherwise unsuitable. The accuracy of the
data of Gyulai is one unit of the third decimal place, though the values in his paper are
given to the fourth for the purpose of tabular smoothness. The uncertainty of the single
value of Wulff and Schaller is 0.0001. Bauer's film data appears too low in comparison

with the bulk material data and Spangenberg's values [45] are clearly inaccurate, prob-
ably because of the hygroscopic character of NaBr and the use of an inadequate method.

The single measurement of Zarzyski and Naudin [44] is for molten NaBr.

Gyulai's data were obtained at a temperature of 339 K, 46 degrees higher than

the temperature chosen for reference data generation. Since the temperature deriva-
tive of refractive index of NaBr in the visible region is of the order of -4.0 x 10 - 5 K- i

[181, temperature corrections to Gyulai's values are significant, about two units in the
third decimal place. Information on dn/dT is needed to carry out these corrections,
but it is unavailable. Reasonable estimation of dn/dT can be made by the following

formula, constructed from the parameters listed in Table 5.

2n =-12.69 (n2-1) -0.12+ 7.36X _ + 242.94\.3
2M (X2 - 0. 03534) 2 (_2 - 5569.64)2

where dn/dT is in units of I0s IC'! and X ist Am. dn/dT values in the visible region given
by Eq. (35) are about -4.0 x 10-5 K i , close to those proposed by Tsay [181.

By use of Eq. (35), data reported by Gyulai and Wulff and Schaller were reduced
to 293 K, ready for the least-squares calculations. The other necessary input parameters

004611
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A were taken from Table 3. The result of the curve fitting calculations is a dispersion

* equation for N&Br at 293 K in the trmnparent region, 0.21-34. 0 m.
.9.

4's-1.04728+ _=81 X2 +o _ 0.00243
! *(0.12.5)s ).I- (0.145)2 X1- (0.176)2

(36)
0 . + ,74 -79

X- (0. 188) 2 )L2 - (74.63)2

where X is in units of/an.

Equations (35) and (36) were used to generate the recommended values on the

refractive index and its wavelength and temperature derivatives. Note that in the table

of recommended values the values are given to more decimal places than their aocu-

racies, for the purpose of tabular smoothness and visual continuity. In order to use

the values properly, the readers should follow the criteria given below.

For refractive Index:

Wavelength Range Meanbfu Estimated
(JAM) Decimal Place Uncertainty, *

0.21- 0.24 2 0.02
0.24- 0.40 3 0.002
0.40- 0.70 3 0.001
0.70- 8.00 3 0.002
8.00-20.00 3 0.006

20.00-25. 00 3 0.008
25.00-34.00 2 0.02

For dn/dT:

0.21- 0.28 1 0.9
0.28-22.00 1 0.4

22.00-34.00 1 0.9

I

p - -
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TABLE 30. IIIC(UNMENDED VALUES CM THlE RtEFRACTIVE INDEX AND ITS WAVELKNOTII AND
TrINPRATtRE DED.IVATIVF R N&Br AT 103 K*

X-da/d?, h/dT X -hd?..k df/dTr -4h/AX do/gr
OWOM 4  

104 X"
4  

bm '- 10-6K-4 010 10-6 K-4

9.210 2.9923 14.24110 34.31 6.375 1.(9142 0.6666' -3.13 1.750 1.E1746 6.6662. -6.664
#.?It 2.86563 12.10924 26.95 6.386 1.E6907 0.6575S9 -3.16 t.dad 1.61163 6.06396 -4.64
90.1 2.o'229 16.911716 24.69 4.389 1.(664 Q.43EI -3.22 1.650 1.t616h66 .883701 *6.g5
6.216 1.62169 9.41M7 21.23 0.3418 1.C671 t.41595 -3.25 1.916 1.M164 6..gso'. -4..es
8.218 2.06266 6.I366 16.38 8.3q9 1.16?66 0.39710 -3.21 1.9S6 1.6&624 8.68339 -4.611

6.223 1.160?o 6.0677 16.31 6.6 1.6674 0.M793 -3.32 ?.Go6 1.61412 9.9619 -4.65
6.222 1.977 7.36110 t1I..1 1.416 1.67711 6.34?26 -3.88 ?.#S0 1.61596 0.03394 -4..os
6.24 1.95676? .6-, 12.31 0.620 1.67376 6.!167'. -3.03 t.109 1.61562 6.66211 -6.15
6.226 1.9466 GOWN76 16.614 6.436 1.6772 0.29339 -3.47 2.1591o 16 6.66215 -6.05
1.24 1.93197 5.7.1192 9.56 06.666 3.16710 0.2717G -3.51 ?.266 1.61556 0.002%9 -64.65

0:130 1:42:91 5. 1'$ 4:6.6 1,0.656 1.66530 0.2504.8 -3.S9 ?.256 1.61566 6.06M1 -4.91,
3.2 .9166 6 97 356 .56S 4.66 1.06284 0.23226 -3.56 ?.368 1.E152 60.06211 .6.65

0.236 1.960419 6.65529 6.06 1.679 1.0965 8.21570 -3.61 2.356 1.61515 8.30243 -61.65
0.236 1.69t9? 16.319fl 5.66 6.666 1.65656 0.26669 -3.66 2.406 1.61113 6.06237 -6.66
0.230 1.6639a 4.11216 5.26 9.410 1.e5662 0.10736 -3.91 Z.6158 1-61092 00231 -6.65

8.240 L.47SS1 3.87M5 6.51 6.566 1.04661 I.17109 -3.49 Z.564 1.61460 8.002zo -60.05
8.262 1.8679? 3.6M61 6.06 6.516 1.05312 1.1G388 -3.71 2.556 1.61661 6.66226 -6.65
0.2664 1.6"lei 3.47215 3.56 6.520 1.65153 1.193f.3 -3.72 2.666 1.61656 0.06216 -4.65
4:Z66 1:05607 3.2S434 3.0 .3 .50 .16426 -3.76 2.656 1.E1666 6.66212 -64.65

266 1 .I7G5 3.13065 2.6 IS 56 1.6I06if 13562 -3.76 2.766 1.616*37 1.0609 -6.35

626 1.66 2966 2.31 6.590 1.66733 0.12769 -3.77 2.756 1.6162? 0.06296 -,&.IS
6.2592 1.6357Y2 2.:6661646 1.41? 0.560 1.66609 1.1203S -3.79 Z.900 1.616116 0.892941 -6.65
0.2114 1.03017 2.71122 1.65 6.570 1.14692 6.21363 -3.66 2.656 1.t1666 6.16261 -6.45,
0.256 1.62%67 2.511115 1.36 0.530 1.(6341 0.10739 -3.61 P.900 1.61396 0.19199 -4.65
6.256 1.61966 2.807920 1.19 6.96 1.66277 0.16161 -3.62 2.956 1.61366 6.66196 -86.95

0.266 1.016#95 2.37671 6.65 6.666 1.1716 0.89G26 -3.63 3.100 1.61376 6.68116 -6.65,
C.26? 1.61629 2.27697 6.62 6.626 1.6395 0.86M6 -3.65, 3.68 1.613%7 6.68195 -6.056
#.t66 1.8#983 2.If29 0.6) 9.660 3.#383S16.27M2 -3.07 3.160 1.613S? 0.681164 -4.65
5.266 1.60155 2.89162 6.21 6.611 1%13182 0.67615 -3.00 3.150 1.61347 4.60113 -6.66s
6.260 1.7976 2.61659 6.02 6.660 1.63566 0.6655 -3.96 3.266 1.61336 5.693M -6.664

1.7 17936? 1.96,24q -5.1 6.760 1.f3423 6.05091 -3.91 3.259 1.6132f0 .06192 -6.24
0.27, 1.T6966 1.6671 -6.31t 6.720 16321 0.65392 -3.92 3.360 1.61319 8.66192 -4.04
1 .276 1.76499 1.641M -6.66 6.7669 1%13267 0.04149 -3.1J 3.31 1.61309 9.69192 -6.66
0.276 W87249 1.73115 -6.61 W(@6 1.63212 0.11059 -3.964 3.686 1.6129S 6.66192 -4.664
6.2761 1.77183 1.67616 -8.73 6.716 1.63626 0.C11201 -3.1 3.650 1.61290 0.66192 -4.66

0.266 1.77973 1.62167 -6.61 6.666 1.121044 0.13e89 -3.95 3.066 t.0116 6.6112 -6.66
6.292 1.r7256 1.96416 -6.9e 6.026 1.12669 0.13666 -3.96 3.556 1.61176 6.66192 -6.664
6.2664 1.76966 1.51626 -1.69 1.646 1.62799 0.03343 -3.96 3.686 1.6126L 6.86113 -6.66
6.26 7669 1. 66691.8# 1 -1.14 .4 1.44# 731 6.013110 -3.9? 3.651 1.61251 0.06193 -6.66
6.286 1.76!66 1.61615 -1.69 6.666 1.62675 6.62699 -3.97 3.766 1.61261f 6.6619 -06.66

6.296 1.76061 1.31335 -1.39 6.966 1.62619 6.62767 -3.96 W975 1.41232 6.66196 -6.66
6.292 1.75611 1.33073 -1.6? 6.9101.6256 9.62S31 -3.96 3.696 1.6tit 6.16196 -6.064
0.2916 110469 1.29606 -1.56 6.9669 1.62517 6.63373 -3.99 3.656 1.61212 6.6196I -6.6*1
6.296 1.79295 1.21121 -1.66 6.960 1.62672 6.62227 -3.99 3.9660 1.61262 6.0197 -64.66
6.29 1.?9140 1.2217 -1.02 6.960 1.6262 0.11693 -3.99 3.966 1.61193 0.66116 -4.03

6.366 1.76009 1.11096 -1.71q 1.069 1.62366 C.61976 -60.66 6.666 1.61163 6.66199 .6.63
6.365 1.74266 1.19617 -1.96 1.656 1.62296 6.11763 -6.61 16.M5 1.6173 0.60166 -6.63
9.316 1.7*76 1.01261 -2.10 1.109 1221? #.81669 -60 4.100 1.6163 9.06961 -b.613
6.31S 1.7321? 6.9597l -2.264 1.116 1.6216? 1.113664 -6.68 6.156 1.61152 6.66363 -63
6.326 1.72755 1.611116 -2.36 1.166 1.1266f 6.11593 -6.62 4.2H0 1.61142 0.00206 -60.01

6.325 W.2322 8.63662 -2.66 1.256 1.62631 S.61166 -6.62 6.256 1.61132 9.66265 -6.63
1.339 1.71916 $.?loss -2.56 1.360 9.01963 1.10916 -6.63 6.366 1.61122 6.66267 -6.63
6.335 1.71%33 6.762(6 -2.60 1.316 1.1131 0.6662? -6p.61 4.396 1.61151 6.66266 -6b.63
6.360 WWI17 6.69941 -2.73 1.1#90 1.91906 0.667660 -6.63 06.666 1.61161 6.66269 -16.631
6.3119 1W8633 0.66057 -2.60 t166 6.66 6.4661 -66 .6568 1.61691 01.6021L -6.63

6.396 1.761912 4.6141i -9.67 1.566 1.61632 0.4862t -6.66 6.566 1.616 6.8612 -6.63
6.355 1.71114 6.591136 -2.93 1.159 1.6162 .651 -6.06 6.491 6.66 1 0.6246 -6.00
6.366 1.69920 6.06619 -2.99 1.666 101076 6.067 -6.66s 6.666 1.61659 loo0e&$ -6.691
6.365 1.4004%, 093111 -3.66 1.656 1.61769 6.666606 -6.06 *.Gi6 101448 6.1020 -6.02
0.379 1.6986" 0.56026 -3.69 1.7$ 1.61125 6.666564 -6.6 6# .766 1.66637 6.06116 -6.60
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TABL US. XNC3IWUD VALV CM I TU MRACT1VU Mh W M1 WAVRLE36GM MW
?E VEAhRM DE3ATW WAS UmW AT Sol X OuiNsd-

Owl 10- Kd m1 4 i- a- 10Kg I6K'

.70 1.1121 6.6922 **.12 9.006 1.19731 1.01316 -1.00 17.666 1.10966 6.66632 -3.10
4.660 1.61119 1.4et -4.61 11.166 1.1991 6.68083 -3.47 ME 1. 1 .54132 4986645 -3.13
one5 I.Stleh 6.enii -4062 1.214 1.1906 6.60647 -3.0, 17.66 1.5162 loses$u -3.29
4.111 104" gole -06.68 l.st$ 0.1989 6.19418 -3.00 11.010 1.9103 960172 -3.9?
4.996 1.11491 1.9912? -16.631 lo06 1.29146 6.061? -..0 17.66 1.54113 6.6865 -3.60

1.e9e 109978 least"9 -tell 91 1.117 #.01421 -1.05 14.009 1.54035 M.ass$ -3.06
9.166 1.64947 6.0683 -01 9.65 1.06060 I e su -1.69 14aa2e 1.13460 049911 -2.9?
6.266 1.6913 0.0834 -t.01 9.766 1.1901 4.66031 -3.6% 10.400 1.93086 6.0983 -1.93
9.386 1.66118 l.06839 -0.61 1.0 1.1911 0.630 -3.0* 10.46 1.0341* *.110939 -2.96
6..066 1.6616 to00703 -4.01 l.961 1.19396 0.150001 *3.113 0.066 .M 1. 199 65151 -E.60

9.966 1.691 6.6620? -0.66 16.66 1.11369 6.16005 -3.01 MM66 1.31 6.6416 -80
.60# 1.6416 6.002 -0.60 10.816 6 14219 0.60459 -3.01 19.215 2.5219 811826 -1.1
.?@@ 1.6401 6.01651 -0.56 160 1.19127 6.61106 -1.66 19.006 1.52710 6.069196, -215
9.060 1.61769 6.9611 -0.66 11.66 1.19633 6.660169 -3.71 19.06 1.91109 6.61611 -2.71

9.166 1.6524 164619t -1.1? 11.6 1.1601 6.4165 -3.61 13.566 1.09478 6.0133* -1.44

6.666 1.609?3 6.#1166 -3.97 11.960 1.6749' 6.Io577 -3.61 as-see 1.7251 0.91066 -1.61
4.916 1.0464 6.6616 -1.96 11266 1.17660 6.46516 -..0 24.56 1.91969 6.6111 -1.29

1.666 1.64614 6.66360 -1.16 11.666 1.17700 6.6619 -3.4 25.06 1.9116 Mil1l0 -1.69

7.13 1.6 0 .0632 -1.90 11.266 1.561 1.49 -1.03 29.566 1.06096 6.01616 -6.00
7.25 : 6 1.43 0.1173 -1.98 11.06 1.1160 642683 -3.56 20.666 1.011 6.1111 -6.t0
7.166 1.46018 6.121? -1.96 12.061 1.17379 6.16541 -1.66 20.666 1.095 6.61006 -0.06
7.609 1.696 6.610 -3.95 12.0 I.I7252 6.4059G -3.10 Ma.ss 1.04416 2.61M1 -..1

718 1.6816 0.60330 -1.90 106 1.168 122&4J 1.6096 -1.62 27.565 1.101 @.61374 01.&*
7.6 1.6203 6.65120 -3.t0 1t*&$$ 1.17181 8.60400 -3.55 20.016 1.00897 6.6136t 6.%0
so.766 1069 0.6639 -3.91 10.0 1.I455? 6.06610 -3.063 24.66 1.866361 6.619%3 61.7?

7.066 1.6176 0.66111 -3.93 10.066 1.5?42 6.66667 -1.06 25.600 1.16996 6.91173 -1.1
7.1#$ 1.600 0.66306 -3.93 10.266 1.1627 6.6699 -3.00 29.560 1.410491 2.62031 1.09
6.000 1.68373 6.66312 -3.9 11.666 1.1140016.6616 -3.08 16.665 1.1416 6.6811 -1.6
6.166 1.6646 6146397 -1.92 1Mass 1.94296 6.66722 -1.06 16.666 1.46686 8.03646 8.11
6.260 1.160ol lo.1661 -1.91 16.0s 1.152 6.9663 -8.3? 11.6 1.30103 6.62290 24.17
6.SO$ 1.00996 0.86300 -3.1 15.466 1.14660 6.6163 -3.15 31.566 1.13040 6.636 $.24
6.06s 169241 0.41116 -1.1 14.166 1.1691 6.16656 -.325 2.666 1.33241 6.67070 3.79

6.6,0 1.4999 616118 -3.96 14.600 1.5161 8.66776 -1.36 2.566 1.31163 6*@lo13 0.3l
6.001 1.691061 6.65311 -3.13 14.66 1.95506 6.66762 -1.2? 33.666 1.79161 6.6341 0.97l

6.7o$ 1.690 6.10 -3.692 10.90 1.564,66 6.66796 -3.0" 3.660 0.2648 0.8271% l.03
6.666 1.616 4.61217 -3.09 10.066 1.5616 6.67 -3.28 10.5 666 30090 0.629 &.as

8.115 1.99776 6.691" -1.60 15.666 1.9641% 6.66626 -1.09 SI S 1314Gll .4

1.1 a .996 i .i 3w. -Sm hm e 06 Ifl 1499654 1.4096 Cm *3 3291 1.bmlr mm Ms loui f Softuuimi

4.50 mammt4 1*ssimI -3.9 1601 mesta?9I 1.17 tahimis 31.5ms I1.31104 $%It$?$ -S3

4.9 .98 .11 39 6141166 A S -.? 3.11lt??@Ga$ to
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3.8. Sodium Iodide, Nal

Refractive index data of Nal is available only for a single spectral line, the sodium

D line, reported by Spangenberg [45] in 1923. The reasons for such scantiness of data

are probably the difficulties in crystal growing and sample preparation. It is fortunate

that the essential parameters for constructing a dispersion equation of Nal are available

through the literature, as listed in Table 3. Using the values from Table 3 and the

available value of n:

C = 7.28,

=uv 3.01,

>,u = 0.170 psm (averaged value of 5 peaks),

>I = 86.21 Am,

n = 1.7745 forX = 0.5893 Mm,

the adjustable parameter A of Eq. (13) is computed to be 1. 478. This leads to the dis.-

persion equation for Nal at 293 K in the transparent region, 0.25-40.00 M4m.

n2 =1.478+ 1.532 2  + 4.27 )2 , 37)
- _ (0.170)2 X2 - (86. 21)2

where n is in units of pm.

No experimental data on dn/dT for Nal are available, but, with our empirical

findings, reasonable estimations on dn/dT can be made by a formula constructed by using

the predicted parameters of Table 5,

2n k= -13.65 (n2-1) + 0.57 + 9.246 X4  + 247. 66 (38)(d 2 - 0.05198)2 (X 2 - 7432.16)2

where dn/dT is n units of 10" 5 K- 1 and X In Am.

Equations (37) and (38) were used to generate the recommended values. Since

these equations were derived from the available data on the thermal linear expansion, the

dielectric constants, the wavelengths of absorption peaks, and the empirical parameters,

the accuracies of the generated values are controlled by the uncertainties of these com-
ponent properties. In order to properly use the recommended data table, we have care-
fully reviewed each of the correlated properties and set up the following criteria that the

readers should follow.

II
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For refractive index:

Wavelength Range Meaningful Estimated
GAM) Decimal Place Uncertainty,

0.25- 0.40 2 0.02
0.40- 1.00 3 0.005
1.00-20.00 2 0.01

20.00-40.00 2 0.02

For dn/dT:
0.25- 0.35 0 >1
0 .35-30.00 1 0.8

30.00-40.00 0 >1

1:- -------
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TABLE 32. AFKUM6.MOD VALUtl ON THE IEPNACTEVE UNDIX AND M7 WAVELCUM~ Alb
TSP:kRATtnR' DEIVMATIVEN FURl Ha AT 263 K*

X a -d/dAL do/dr A -ib/A dolf A dd4 04K1 MP 4 194X4 O 10-6 X1

6.296 2.630 4.71365 (7.60 @.M9 1.16491 6.16264. -4.3So 2.716 .73531 6.632111 -0.66
6.21? 2.0,169 6.4.9115 57.91 6.*68 1.77914 6.17311 1.1 2.646 1.73611 6.6616 -6.61
6.254 2.6236 b.2leas 164.71 0-51 1. 1?7a#7 1.163223 -6.451 2.616 1.73111 8.4636 -5.05
6.256 2.05361 4.11199 41.09 6.166 1.77569 1.10311 -4.06 ?.1$@ 1.731 61.66211 -. 0%
6.296 1.94.965 3.93M6 36.19 3.91 1.17440 1.11646 -4.51 2.9s6 1.734191 0.8191 -9.6s

1.261 2.138614 37123 3E.6* 1.669 1.M13c S. 134 1? -1.S3 3.608 1.73187 6.66111 -5.6s
1.262 2.03M7 3.61132 26.2? 6.616 1M47'6 0.12MIS -0.56 UMS1 t.730?7 6.639M -5.81
I .21164 2.63361 3.4k?7213 25.60 6.611 1.1b06? 0.11079 -1.92 3.166 1.73467 6.6114 -1.61
9.266 1.01W5 3.33?16 22.31 6.646 1.7%594 6.16121 -6.05 3.151 1.7345t 0.48141 -S.4%
2.268 2.6183 3.26317 19.1%. 8.666 1.76,08S 6.09114 -4.66 3.266 1.73449 6.66165 -5.61

@.?7I 2.00011S 3.86111 10.60 6.766 1.70231 6.062901 -%.71 3.21 1.73446 0.16161 -S.65
£6.27? 1.99966 2.9054. 16.66 6.726 1.7672 6.67s66 -4.71 3.360 1.73930 1.61611 -1.65

8.27. 1.99216 2660 141 1 6.746 1.11927 6.0946 -1.716 3.35a 1.73121 6.62166 -1.6S
6.276 1.96657? 2.7122 11.9 61.746 1.75791 6.66362 -1.74 3.461 1.73412 6.66176 -S.41
06.278 1.96111 2.693913 11.63 6.766 1.707 6.61679 -6.66 3.4S@6 1.734. 6.6177 -5.64.

6.796 L.W579 2.96161 16.71 1.4106 1.75559 1.065129 -6.61 3.S66 1.739 6.6617e -1.64.
$.W6 1.97692 2.187194 9.71 6.626 1.75151 0.65024 -4.63 3.516 1.7336 6.66175 -0.401
1.26 1.96606 2.3t7*1 6.63 6.411 1.7535? C.C4.09 -l1.6 3.666 1.73377 6.1015 -5.64
3.266 1.96137 2.30746 7.96 6.6*6 1.7266 0.64.329 -10.6s 3.616 W.3361 6.00174 -5.64.
0.288 1.95b83 2.23169 7.23 6.666 1.75164 1.04031 -4..67 3.766 I.73306 6.90614P -6.04

6.296 t.9924 2.11632 6.5 6.936 1.75166 6.63759 -1.66 3.750 1.?3251 8.00173 -5.64.
3.292 1.94.628 2.66692 6.12 6.931 1.15033 0.13512 -1.01 3.608 1.7334. 8.66103 -S.64
6.294. 1.44.3 24622(a 5.35 6.946 1.71096 1.93267 -1.69 3.658 W.3334 V.00173 -5.64
6.296 1.96016 1.9194.3 41.63 6.960 1.14.912 0.93681 -1.96 3.911 1.7332? 6.60173 -5.64.
6.296 1.93621 1.69904 1.34 6.966 1.7464t2 0.6269t -4.91 3.950 1.7331 8.6103 -514

6.360 1.13351 1.84116 3.69 1.606 1.74766 6.62719 -4.92 16 W.3361 6.66173 -514
6.385 1.92364 1.7672 2.91 1.613 1.74.664 6.6234 -413 4151 1.7319i 8.48103 -.14
6.316 1.91541 1.166 2.69 1.166 1.74551 6.6236 -4.99 1.146 3.73290 .67 -1.04
6.319 1."6ITS 1.41627 1.4£ 1.116 1.74155 0.61762 -1.96 4.150 1.73282 0.06144 -14
6.326 1.96661 1.37qq7 6.66 t.rce W1.7427 4.#1171 -4.97 4.260 1.73273 6.68171 -1.64

6.325 1.69394 1.210873 6.29 1.2!6 1.74M29 6.11M -1.96 1.Z50 1.73264 0.66111 -..64
6.316 1.667&9 1.2694.7 -0.15 1.316 1.14232 0.11243 -1.99 4.311 1.73250 6.66176 .5.61
6.311 1.616163 1.13136 .. 4 t.310 1.74013 6.61111 -4.99 4.356 1.7324. 0.16176 -1.64
6.34.6 1.07633 1.607fa1 -6.66 1.46 1W4121 0.16100 -1.66 6.460 1.7323e 8.69107 -S.64
6.345 1.67115 1.66513 -1.16 1.490 .7.7 0.60969 -1.66 4..4.9 1.?3229 0.66177 -S.64

0.356 1.662? 1.1476F -1.41 1.510 1.74.036 0.66023 -511 4.560 1.73526 0.66116 -S.63
6.355 1.66161 1.69111 -1.69 1.SIG 1.73991 t.26751 -5.01 1.S56 1.732111 6.66979 -5.63
6.J66 1.65731 6.644.0 -1.91 1.6#6 1.73951 6.66061 -1.63 4.601 1.73262 6.61616 -6.62
0.36S 1.69319 6.661133 -2.16 1.01 1.03922 01(33 -5.62 1.6 1.731913 6.60161 -5.83
6.376 1.64921 6.79956 -2.26 1We& 10.191 6.6095 -1.62 4.700 3.Y3164% 0.112 -5.03

6.37s 1.6419 W.2181 -P.44 1.766 1.13663 6.16542 -5.03 #1.FI5 1.73175 6.16162 -5.63
6.366 t149268 6.66177 -2.59 1.601 1.73837 6.66564 -1.63 *#.66 1.7316( 6.01613 -5.63
#045 1.6364.i 6611 -2.72 1.666 1.13S13 0.61179 -1.63 -.656 1073117 6.16164 -9.63

6.39 1656 .199 -. 4. !1110 1.73796 0.04419 -1.63 4.966 1.7314e2 6.61165 -5.61
6395 :1.63299 :65q66 -2:91 1.91 1.73768 1.61413 -5.23 4.9S@ 1073136 6.66166 -13

0 .4.40 1.02965 #M5336 -3.60 2.016 1.73746 3.6636 -5.63 S.668 1.73129 06166 -1.636.4.18 1.6221 0.5130? -3.241 2.91 1.73729 6.66396 -5.64. 5.168 1.73110 06196 -1.63
6.4.26 1.829M 9.4.1992 -1.4 2.166 1.13712 0.16348 -5.64.1 S.206 1.73691 1.60192 -1.62
8.430 1 .618#86 6.4.3119 -3.54. 2.11 1.139 9.06231 -5.64 5.366 1.73972 6.66194. -5.62
1.44 1.60172 6.39676 -3.66 2.266 1.73676 6.66316 -5.64 5.4.66 1.731S2 6.66197 -5.62

6.41 1.604691 6.362 -3.77 2.216 1.73663 I.6'l -9.14 $.Sol 9.7363t 9091161 -$.@a
6.4.60 1.0663 8.33646 -3.66 2.338 1.136486 6.66226 -5..64 5.636 1.73612 6.60262 -. 1
#.V$6 1.80013 8.31373 -3.91 2.316 1.7304. 6.16276 -1.04 5.766 1.729 6.66261 -1.1
0.1#64 1.79711 6.29141 -4.61 1.4968 1.73021 0.66266 -5.64. 1.666 1.12M7 6.66266 -5.01
8690 1.74..3 6.27122 -1.09 2.416 1.73666 6.16256 -1.64. 5.98 1.7295m 6.66216 -1.61

6.166 W.91968 .21291 -4.19 2.16 1.*f595 6.662416 -14 6.666 1.7121 6.66213 -61
6.516 1.70923 0.22C26 -1.o2C 2.113 1.13163 3.66246 -9.64 6.163 1Wilm6 6.66216 -5.61
6.4.2 1.79695 9422148 -4.29 2.616 1.73971 6.66233 -514 6.236 1.72066 6.66211 -1.06

S3 I3 1M7et6 0.26736 -4.30 2.616 1.736964 6.66226 -1.60 6.366 1.764. 6.06222 -1.666.146 1.76266 6.196 -6.34 2.706 1.73946 6.66226 -$.as 6.466 1.7264.3 0.63319 S14
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TA5LE U. MCOM3NDZD VAWUB 0(M THlE REFRAC71VZ DIDEX AND rrS WAVELENOTH AND
TEMIMRATURIS DERIVATIVE8 FM NOl AT 293 (eOMbied*

6.366 1.73611 6.16326 -9.21 11.466 1.71299 0.06396 -4.62 19.406 1.66563 1.981 62 .6
6.666 1.121 4.68221L -4.39 11.466 1.71219. C.liffs -4.61 26.666 1.06 6671 -4.6
0.766 1.72773 4.06224 -4.19 11.066 t.71137 8.61413 -46.66 t6.56 1.091111 6.60796 -1.99
I.666 1.72749 0.9627 .4.99 12.666 1.71694, 6.66421 -4.76 21.663 1.6392 6.666241 *3.11
6.906 1 .72729e 6.66246 -4.99 11.266 1.76969 0.86420 -40.77 21.500 1.65133 6.36651 -3.83

7.603 1.20 .682'3 -4.98 12.0010 1.71182 10436 -4.72 22.06 1.64081 6.66676 -3.75
7.166 1.13677 3.66247 -4.96 L2.646 1.7679 6. Ci4A4 -4.111 22.1 1.64259 6.69616 -1.6*
7.236 1.72652 0.082!0 -4.9e 12.646 1. i6765 6.664492 - 4. 74 23.600 1.63799 8.0699 -3.17
?.306 1.73427 S.16213 -4.96 13.606 1. i6614 8.660461 -4.73 23.500 1.93.'20 0.619(3 -3.47
7.466l 1.72661 6.68206 -4.67 13.263 1.76921 6.36467 -4.71 24.600 1.62636 6.46995 -3.3?

7.560 1.72975 6.663(6 -4.97 13.460 1.034W 0.66479 -4.70 24.506 1.623246 6.8106 -3.21
7.630 1:72:49 6.623 4.7 13:600: 1:70231 0:C36463 :4:69 29:660 1:61261 :::65 : 3.19
?.?0 I 1.73Z3 062(6 *4 6 13 60 1 70233 6649 2 -4.07 25.6 161261 0.191' -3.62
?.60o6 I 1 21691 0.06276 -4.96 14.600 1.7034 0.66566 -4.e& 20.666 1.66712 4.82.125 -2.96
7.960 1.724P69 6.06373 -'.96e 14.206 1.70634 6.10506 -4.6S 26.966 1.66141 0.61146 -2.76

6.666 1.724.1 6.311274 -4.96 14.400 1.29931 06016 -4.03 Mods0 1.9!52 #.#11ls *2.62
8.100 1.73414i 6.66266 -4.99 14.46 1.99t27 0.005241 -4.62 27.566 1.5894S 1.61232 -2.40
0.230 I.F2385 0.66203 -. 1 114.833 1.19721 C.00533 -4.611 28.660 1.58320 1.31078 -2.31
11.304 1.?2397 1.012t0 -4*.IS 15.366 1.19(14 3.66541 -%.59 26.566 1.971175 0.61341 -2.14
6.4115 1.77326 9.61290 -4.94 19.266 1.2950 6.e6990 -4.57 29.606 1.57810 0.61349 -1.96

6.900 1.73299 0.00213 -4.94 15.466 1.(93941 .686586 -4.65 29.906 1.5032!96.81391 -1.71
0.600 1.M227 1.66297 -4.941 15.066 1.(9262 0.665e? -4.14 30.666 l.95se1 6.611434 -1.57
P.760 t.722160 4.30!60 -4.93 I186 1.M916 0.63975 -4.52 30.500 1.54691 3.61476s -1.31
61.8,0 1.?2210 8.402C4 -4.93 1&.666 1.29652 6.63564 -4.56 31.660 1.941411 6.61524 -1.14
6.906 1.72179 6.0030? -4.92 16.213 1.16934 5.60993 -449* 31.500 1.53367 6.69072 -1.90

9.060 1.72146 6.03311 -46.92 16.466 1.266 1 .6661 -04.471 32.06 1.52568 6.01621 -6.45
9.166 1.72117 0.63314 -4.92 16.090 1.M193 6.66616 -4.45 32.506 1.1 4 .6102 -3.36
9.218 1.72665 6.063161 -4.91 16.60 1.118571 0.06619 -4.43 33.666 1.5669t 6.1726r -0.11
11.108 1.793 6.66221 -4.91 I7.616 1.46441! 6.63626 -4.41 33.566 1.96036 6061746 6.19
9.466 1.72621 6.6621 -4.91 1?.288 l.f0319 8,18E37 -6.39 316.010 1.86911(16.0163Y 6.93

9.500 1.71906 6.363265 .4.9 17.460 1.66191 0.6646 -4.37 34.566 1.461 0.61096 6.64
9.663 1:71955 6.362!2 -4.99 17.666 1.116161 1.48M9 -4.35 3S.630 1.47219 61 56 1.20
9.746 1.71922 9.64M3 -4.69 17.683 1.17929 6.866S -4.33 35960 1.4422% 6.63623 1.96
9.00 1L.71660 6.66239 .4.69 16.663 1.2795 6.16674 -4.31 36.606 1.415194 1.60650 1.'6#
q.900 0.71654# 0.06343 -4.60 16.366 1.(7659 0.16664 -4.20 36.S33 1.0#4133 6.021t0 1.46@

11.000 1.71620 6.6(346 -4.66 13.460 1.67571 6.16693 -4.26 37.036 1.4363! 8.62M3 2.9'S
16.26 1.71759 0.93M -4.5? 16.660 1.17362 3.96733 -4.24 37.566 1.41960 6.62314 3.140
16.400 1.?1478 3.013(1 -4.66 16.660 1.47240 3.101 12 -4.21 36.06 1.46729 6.62396 3.19
11.606 1.7104 6.0126 -4.66 19.666 1.27697 6.06723 -4.19 36.560 1.39569 6.03474 4.40
11106 1.7153916.60375 -4.65 19.206 1.2951 0.60732 -4.16 39.066 1.36156 6.62522 4.96

11.600 1.71495S 1.113M -4.64 19.466 1.964 8.0#742 -4.140 39.513 1.36941 6.6745 5.41
11.203 1.?1378 6.06396 -4.63 19.466 I1.(55 0.6M5 -4.11 40.666 1.3559S 6.32F92 6.27

Sin this table more decimal places are reported than warranted merely for the purpose of tabular smothess end intervei comparson.
For meaning1. decimal pleces and aiertsintles of taulated vauesa In varlis wavelength raewee thue lest of osietie 3. N.
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3.9. Potassium Fluoride, KF

Potassium fluoride is not a suitable material for optical components because of

its hygroscopic character and the difficulty of growing crystals. However, it is an in-

teresting subject for basic research and scientific studies because of its simple crystal

structure and its transparency in the ultraviolet region. The wavelengths of the char-

acteristic absorption peaks and the electrical properties have been studied by many

investigators. Listed in Table 3 are a few important results which were used in our

analysis of data.

The refractive index of KF has not been extensively measured. Among the five

sets of refractive index data found in the literature, three were measured for a single

spectral line, the sodium D line, one for the melt, and one for a limited spectral range

from 0.21 to 0.58 jn.

Upon careful examination of the available data, we found the following: (1)

Kublitzky's values 1501 are reported to the fourth decimal place, although the accuracy

is one unit in the third decimal place. We have used his reported values as the basis

of our work. (2) Results of Spangenberg [451 and of Wulff [87] are inconsistent, although

the same experimental method was used. The discrepancy cannot be accounted for by

the temperature difference, because dn/dT (about -1.2 x 10- 5 K-t [181 ) is too small to

account for such a big deviation, about 0. 0019, in n, nor can the discrepancies between

the results of Kubltzky and those of Wulff be accounted in this way. (3) There are

no dn/dT data available.

Since the data of Kublitzky were obtained at a temperature of 330 K, they had

to be reduced to 293 K. Since no dn/dT data was available, the empirical parameters

in Table 5 were used to construct the following expression for dn/dT in units of 10- Ii t,

valid in the temperature range 293 1 50 K:

dIn __465___ 167.90__
2n = -10.44 (n 2-l) - 0.08 + 2.465+ 167.90(39)

(x2 - 0.01588)2 (X2 - 2657.40)2'

where X is in units of m. The dn/dT values calculated by Eq. (39) for the visible region

are about -2.0 x 1(" IC1. Compared with Tsay's [181 value, our value is about 0.8x 10"K1

too large, but there is no direct experimental evidence to substantiate either one of the

Ipredictions. However, since the dn/dT formulas constructed by our empirical parameters

(lead to predictions for the material in agreement with experimental data, we have reason

to believe that Eq. (39) gives reasonable dn/dT value for KF. By use of this equation,

Kublitzky's values were reduced to 293 K.
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A dispersion equation of KF at 330 K was proposed by Radhakrishnan [48] on the

basis of Kublitzky's measurements. Since the wavelength of the fumdamental phonon was

not known then, the adjustable constants in his equation were chosen to fit the data with-

out reference to the infrared absorpion peak, as shown in Table 39. With the available

information in Table 3, the least-squares fitting of the reduced data to Eq. (10) led to

our dispersion equation for KF at 293 K in the transparent region, 0.15-22.0 Am.

n2 =1.55083+ 0.29162 X2 + 3.60001 X2  (40)
X2' - (0.126) 2 x2 -(51.55)2z

where X is in units of Am.

Equations (39) and (40) are used to generate the recommended values. Since

more decimal places than needed are given to the property values for the purpose of

tabular smoothness, the readers are advised to follow the criteria given below in order

to use the recommended values properly.

For refractive index:

Wavelength Range Meaningful Estimated
(Ahm) Decimal Place Uncertainty,

0.15- 0.18 2 0.05
0.18- 0.21 3 0.005
0.21- 1.00 3 0.002
1.00- 6.00 3 0.004
6.00-14.00 3 0.008

, 14.00-22.00 2 0.05

For dn/dT:

0.15-17.00 1 0.5
17.00-22.00 1 0.9

*1
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l'ABLE 3. REbCOMMNENDED VALUES ON THE KEVRACTIVZ IN4DE AND ITS WAVEIZWOII A1ND
TEMPERIATURE DcRivAmtIV istm Kr Al 203 K*

10-
4  

19,
4 X-1 on On' -1 G6 KcA ow- 6 K A

8.1!0 1.194.171 .9te'. 3.1f 6.E2 1.34e9? 0.27744 -2.9! C.?Gf 1.3G@72 8.61121 -2.33
6.1S? 1.5757'. 6.54094 1.8f 0.272 1.34(37 QoatcZs -P.6* W.26 1.36406 4.4ao#4t -2.33
6.15'. 1.§569 7.4.3615 P.412 6.27. 1.3655'. G.M616 -Z.67 0.7'.6 1.36630 $.soots -2.33
6.156 1.94.586 b.52109 1.841 0.27t 1.3 1 0.253 5 -2.0? G.764 1.36612 4.64696 -2.33
6.116 1.93358 S.?756 1.4.4 1.274 1.36440) C.241?'. -2.01 W.76 1.3,9696.66634 -2.33

6.160 1.52266 5.149116 1.6? 4.604 1.3443 0.23.!ez -2.00 0.800 1.35918 0.68779 -2.3.
6.162 1.91213 4.61152 6.7! G.262 1.3638? C.2!?1( -2.641 L.626 1.35963 6.61730 -2.3.6.1614 1.54616i 4.6 16.4. 6.261. 1.34341 0.22(77 -1.16 C.640 1.399449 6.8645 -2.34
6.166 1.4.9&2t 3.71926 6.26. 8.286 1.3625* C.22C*? -2.1t C.661 1.359131 6.6649. -2.P'.
6.160 L.406906 3.421114b 6.63 1.216 1.36252 0.214.70 -2.11 0.666 1.35123 8.406&0 -2.34

6.176 1.0.253 3.1211? -6.15 6.216 1.31219 6.269*0 -2.11 C.906 1.35911 6.66576 -2.34.617? 1.'.?65' 2:221'7 -6.31 0.21? 1.34169 0.265Sl -2.12 0.921 1.35966 0.0854.6 -2.346.1741.1 .. 7 1 03 2.6411l4b .5..5 ! .294 1.36129 0.196?2 -2.12 6.94.6 1.36069 9.46011 -2.14
6.176 1.4.6595 2.163716 -.. 5 0.296 1.!6090 C.t1!12 -2.10 0.6 1.367 0.26s -2.340.176 1.0.126 Z.25766 -6.69 6.25 1.16651 0.16026 -2.13 6.960 1.35676 0.64472 -2.3'.

6.180 1064.591 2.69!11 -.. 6 1.363 1.3681'. 0.16346 -t.13 1.660 1.3S866 1.44S2 -2.34a6.162 1.4.5261 1.94976 -6.69 1.365 1.3Y925 0.17231 -1.1. 1.050 1.3534M 8644166 -2.34a6.15'. t.44911 1.618(t -0.9? 0.311 1.3744.2 0.11209 -2.1! 1.166 1.35619 1.60373 -2.3416.16b 1.44.55 1.7C666 -1.66 6.311 1.3?763 6.152* -2.1( 1.156 1.356402 4 &~6344 -2.34.
6.160 1.414.230 1.51247 -1.12 6.326 1.37605 0.t66406. -2.1? 1.201 1.35705 8.10322 -2.15

0.156 1.43-21 1.4.54.55 -1.10 6.325 1.37619 1.13t06 -2.16 1.250 1.35769 6.06343 -2.35
1.112 1.4.3631 1.4.057 -1.2. 0.331 1.37553 0.128(8 -2.11 1.308 1.35155 6.66266 -2.35
11.1 14 t.4.3359 1.32M' -1.36 4.33S 1.37491 6.1216S -2.19 1.356 1.35746 6.66276 -2.15
0.196 1.43162 1.24.034 -1.35 0.346 1.37431 8.11!51 -2.26 1.4.66 1.35727y 6.142EG -2.35
6.196 1.451 1.1933 -1.39 6.345 1.37379 6.11912 -2.21 1.4.56 1.35114. 6.68269 -2.35
0.200 1.4.2630 1.1113 -1.%#*. 6.3s6 1.37321 0.16414 -2.21 1.566 1.3576l1-1.62!3 -2.3S
6.26? t.4624112 1.599 -1.4.6 6.355 1.37270 6.196 -2.22 1.550 1.3949 #-6624. -2.341
1.264 1.4P2206 1.66213 -1.51 6.3*6 1.37222 6.69427 -2.02 1.666 1.3%671 6.602'.'. -2.34.6.2664 1.4.2611 6.9?223 -1.55 6.115 1.3717*f 6.66512i -2.23 1.656 1.3966 6.68242 -2.34.6.706 t.6*025 0.903461 -1.50 8.370 J,37132 6.665*5 -2.23 1.76 1.35052 6.6624.6 .2.3'.

6.210 1.4.1645 6.6fi1*6 -1.61 6.375 1.37096 0.66570 -2.24. 1.755 S.356'6 6.8124.6 -2.3%.
6.71? 1.4.14.66 0.62126 -1.64. 6.386 1.37656 6.67669 -2.24 1.666 1.35026 6.66239 -2.34
6.214 1.4.1326 6.70M3 -1.6? 6.365 1.37612 6.M7'.6 -2.26 1.050 1.35616 6.60246 -2.3t,
1.216 1.4.1167 6 .74.754I.f -1.69 6.396 1.369764 6.07142 -2.25 1.966 1.35604. 6.662.1 -2r.3 4
6.218 1.4.1021 0.71,104 -1.2 6.39 1.36941 1.86M6 -2.25 1.956 1.35692 0.664f2 -2.14

6.226 1.4.0561 6.66369 -104' 6.4.66 1.36917 6.466562 -2.25 2.660 1.35668 6.6643 -t.346.222 1.4to .67 . G 6.64 1 -1.76 6.410 1 .364'.4b 6.66027 -2.26 ?.6so 1.fi566 6.66249 -2.34
6.224 1.4.0619 6.61769 -1.78 6.4116 1.3674? 6.655 -2.27 .1.161 1.35SI9 6.662.6 -2.34.
6.226j 1.4.6149 6.66126 -1.66 6.436 1.36T33 6.05139 -1.17 2.191 3.39143 1.982!8 -2.34..228 1.4.6376 6.57697 -1.62 6.44.6 1.3666. 6.84711 -2.26 2.266 1.35536 3.60263 -2.34

6.210 1.4.5265 .5965 1.3 .S5 1.36630 6.04.4.3 -2.26 .2 1.35516 8.62526 -2.34..232 14.15 6.314.1 -1 :.Is,6 1.46595 9.14116 -2.26 1.361 1.35066 6.662S9 -2.34.
1.214 1.39952 6..91166 -1.81' 9.096 1.36516 9.63M6 -1.2 M .. 6 1.35I4190 6.66266 -2.330.23'. 1.46852 6056 -1.67 6.676 1.3615 6.63s36 -5.2 ?.1#0 1.3S472 6.6966 -2.33

.261.3965S 6.4.4.64.4 -1.92 6.6 1.16424 6.63313 -2.36 2.516 1.35*36 6.66267 -2.33
6.244 1.39566 6.42466 -1.93 6.526 1.362191 6.6277* -2.36 2.9#9 1.354.24 6.662.: -2.33
1.2426 1.396Y2 699 8 14-.94. @.M3 1.363631 6.62S15 -2.36 1.5%1 1.36410 6.6026? -2.33

6.246% 1.39962 6.358610 -1.93 0.546 1.3634.6 1.21M6 -2.91 2.7664 1.35961t 6.66269 -2.33
6.756 1.3994t4 8.306991 -1.97 6.536 1361 $.@M$ -2.31 2.6o 1.35611 6.6etes -2.336.252 1.19,29 6.36551 -1.96 4.566 1.3623 8.0216M -2.11 f.700 1.35361 5.06206 -2.3?
6CM4 1.39196 6.3873M -1.99 6.576 1.36272 1.6126 -2.31 ?.IS$ 1.3591 6.6186 -2.336.252 1.31261 0.34.5 -1.66 0.546 1.36M5 6.1976 -2.31 2.09 1.35316 6.06306 -Z.126.258p 1.39196 6011 36 -2.61 6.556 1.86272 6.0107 -2.31 2.950 1.3053 3.00313 -1.32
I1 .266 1.362G 6.34974 -f.44 0.800 1.36214. 8.1176 -t.32 3.666 1.19360 6.66316 -2.32

.262 .392S .33610 -2.61 .626 1.16156 .01114 -2.32 .656 1.3209 .00326 -. 32

6.26'. 1.36466 6.3641t -2.61 0.646 1.36149 #0616160 -2.32 3.106 1.3921 3 00384. -2.32
6266 1.3466 6.2944. -2.64. 6.666 1.36121 6.61366l -2.32 3.156 1.35256 6.66129 -2.316.2601 1.36074 6.26556 -2.05 0.666 1.36695 1.6112 -2.33 3.260 1.10240 0.600M4 -Z.31
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TABE 36. 319C(MENDEID VALU ON T31L REYUALM"V OW" AND MT WAVELKISOT AND
TEMAPICATI3Z D12IVATIVES rOR K? AT U3 K eUui

XL -dh/dL d/dT a. -46d da/dr
JON W4  10'4 K-4 On 16" is 4 

a O-4 o-Z

3. no 1.3521 3 #. so U -e.3 03 .31 1 .306410 -R.'s 11.03 6~so .61341 6o*
3.303 1.39246 9.60343 -2.31 6.311 1. 33211e 3.0199 -2.1? 12.006 1.2po915 142 *.1saa 6.3.390 1.35189 3.16348 -2.31 6.110 1.330'1 3.10671 -2.14 12.20M £.27124 8.4oo.sa *. 63.180 1.35171 0.06392 -2. 31 6.560 1.33502 9.1802 -2.11 12.403 1.37331 6.81400 -13
3.460 1.391541 5.6 31? -2.31 6.014 1.33!L3 0.11M -2.1? 12.033 1.27313 8691526 -1.33

3.S68 1.311,316 .3312 -2.31 &.763 1. 38443 4.3408 -t. 1* 12.800 1.Mle2 0.01504 -1.2?
$.,Joe 1. 3511? 0.00!17 -2.33 6.818 1.33372 0.36710 -3.13 13.333 1.26111 0.6159 -1.23
3.60 1.31491 3.0432 -2.33 6.1 1.330 03.33726 -2.11 13.233 1.20493 .61621 -1.1?
3.693 1.31303 6.13377 -2.23 7.133 1.3322( 2.6371 -1.11 13.448 1.23761 0.91664 .1.12
3.73 1.31861 3.60532 -E.31 7.103 1.33152 3.18792 -2.31 13.030 1.20420 0.069? .1.30

3.710 1.3312 6.95347 -2.31 7.284 1.3317t13.6703 -2.13 13.033 1.25003 6.01734 -1.00
3:363 1.3692 3.06312 -2.1 ?.Sit 1.325110.60779 -2.06 1111 .2613& 61773 -3.91
3.9 1.3913 1.00397 -2.2q 7.136 1.3f921 8.3117 -2.31 11.213 1.243yes 3.61611 -. 403.900 1.34903 6.014f -2.21 7.S0e 1.329162 3.36111 -3.06 14.1 1.2414 0.31091 -0.023.4191 1.34903 0.913137 -2.21 7.00 1.32701 3.36311 -r.07 14.C,48 1.23&33 0.01091 -0.79

1.0100 1..%9##2 0.36*12 -2.24 7.761 1.3217% 0.33323 -2.60 14.466 1.3251 6.61932 -0.33
.06 1.34921 6317 -2.21 7.666 1.32996 0.13635 -2.39 11.336 1.22301 1.8114 -0.01
113 1.34948 0.63*12 -2.20 7.11 1.22512 1.06011 -2.14 15.20S 1-22*01 9.9281? -6.53

4.156 1.34419 .041?7 -2.20 5.013 1.32*27 1646 -2.33 15.404 1.22054 6.32061 -3.10
41.233 1.341058 3.112 -2.26 6.160 1.32340 3.0472 -2.02 111.0 1.E1337 0.12165 -3.36

%.?%3 1.31030 6.0341? -2.20 #.Z0e 1.32251' 0.3000 -2.61 19.03 t-91211 12151 -3.29
1.300 1.34116 6.10,4? -2.20 3.310 1.32163 3.33317 -2.33 10.330 1.2877 4.011 1 -3.11
4.359 1.34792 1.9610 -2.27 6.446 1.32672 3.16910 -1.11 16.263 1.81332 0.022*0 -6.11
4.168 1.301 0.63*13 -2.27 0.900 1.31981 @.00gle -1.90 1.0.1 1.19070 8.822941 -0.33
1.19 1.34410 4.6441a -2.27 0.683 1.31860 6.61935 -1.97 16.608 1.1914, 4.83441 3.06

1.503 1.3*123 3 .03*4k3( -2.2? 3.730 1.31714 0.606 -1.90 10.060 1. 169M0 1.02M9 0.10
41986 1.31756 6.00*00 -t.1? 0.600 1.3199 1.01091 -1.915 17.033 1.161501 8.82146 6.29
4.000 1.3667? 6.0607* -2.24 1.106 1.31332 3.1317* -1.1#4 17.203 1.17941 6.6211 0.%0
81.613 1.31353 4.14479 -2.20 9.36 1.311641 6.39S6 -1.11 17.406 1.191 0.02590 6.51
1.786 1.3*24 6.66*149 -1.24 q.106 1.3110 0.01630 -1.92 17.03 .10939 1.32613 3.03

6.YS0 1.3*066* 0.00*09 -2.2f 9.231 1.3123* 0.31013 -1.93 17.303 0.10*16 6.62070 6.75%.$1$ 1.361038 6.8441S -2.25 1.306 1.31232 6.61020 -1.01 1o.$@# 1.13070 0.02730 0.30
4.896 1.34515 6.60530 -2.20 9-4 1. 3 .1099 6.010001 -1.00 10.260 1.15319 4.02110 1.03
4-941 1-3493* 1.195, -2.2! 9.533 1.3399*6 3.1693 -1.03 10.16 1. 151 6.62893 1.10
1-993 1.341' 8.0511 .2.29 9.646 1.3066 0.61007 -1.01 16.6 1.1*171 0.32917 1.10

5.6 1.34479 0.141920 -2.2* 90193 1.36751 0.61601 -1.0*4 16.40 1.13107 6.62903 1141c
5.106 1.34%27 3.00027 -2.21 9.030 1.33672 1.61114 -1.82 11.333 1.1290 3.63611 1.01
9.263 1.3%373 0.66536 -2.23 9.930 0.36102 0.31166 -1.01 19.201.1 30 0.te .03121 1.73
9.361 1.24331 0.09*0 .2.23 10.160 1.3041 0.0112 -1.38 19.113 1.11Pit 0.35192 1.99
511 1.36Z64 8.33539 -2.22 13.233 1.30123 1.11110 -1.7? 19.616 1.11090 3.33210 2.13

1.563 1.3ke3? 0.30510 -3.22 16.016 1.29911 0.01104 -1.71 19.091 1.10*29 6.633*3 2.32
5:.0 1.24800 6.0300 -1.21 13.060 1.29752 6.0126? -1.73 11.168 1.39 153 3.03*21 2.53
1 .733 1.9611 0.0392 -2.21 14.841 f.29086 3.61210 -1.0? 20.500 1.099"l10.08629 3.69.011 t.3031 6.61113 -2.21 11.630 1.29210 6.61240 -1.0* 11.036 1.3411 0.0305* S.t*5.930 1.33970 6.631*1 -e.19 11.260 1.29001 0.01290 -1.03 1151.56 11134, 3.3*399 %.19

0.860 1.33933 6.31339 -2.11 11.%46 1.267341 1.3026 -1.67 32.663 0.02010 0.36?0 51.3*
0.10 1.336%9 $.evil? -2.16 11.030 1.20*71 1.01217 -1.3

to* ta ble mare . d.Osi p~move are r I ts o.wumad merely for the purpa o dmb uamo ame W lhml empartm.
re m aaept deal Mae" &W unoemrhiefe of fhulaeed val Is varim uwie qp rames, me do tf ed ebet1 3.6.
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3.10. Potassium Chloride, KCl

Potassium chloride is widely used in spectroscopy, since its optical properties
make it a convenient window and prism material from the ultraviolet to the infrared

regions. The transmission range is about 0. 21 to 30 pm. A plate 1 cm in thickness

transmits radiation up to 24 ron. Since strong absorption occurs near the transmission

limits, the useful transmission range of KCl is about 0.38 to 21 pmo. Of all the sub-

stances which are otherwise suitable for optical parts, KC1 is transparent over the

greatest part of the infrared spectrum.

KCl is grown in the same way as NaCl, but sometimes multiple crystals instead
of single-crystal ingots result. Therefore, large prisms are somewhat rare and ex-

pensive. Crystals 30 cm in diameter are available.

Measurement of the refractive index of potassium chloride dates back to 1871,
when Stefan [53] determined the refractive index of a sylvite prism for the B, D, and F

of Fraunhofer lines. Later work, represented by Rubens [72), Martens [541, Paschen

[551, and Gyulai [27], provided a large amount of data in the transparent region. Mea-

surements beyond the transparent region were not made until 1934 when Cartwright, et

al. [61] analyzed the reflection and transmission spectra of KCl thin films in the infrared

region, 126 to 232 o. In the low ultraviolet region, Tomlki [89] published values ob-

tained by analyzing the reflection spectra. Refractive index data are now available for

a wide wavelength range from 0.106 to 232 jan.

By a careful examination of the available data and information, five data sets

provided by Martens [54], Paschen [551, Hohls 1291, Harting 1.301, and Rubens and

Nichols [58], were selected as the basis for reference data generation. The values of

Hohs were obtained for a very thin plate specimen, and are slightly lower than those

for bulk material. Data sets which are not selected were either reported with unreliable

values or were measured under inadequate conditions. Data in the absorption regions

4J  were not analyzed, but are included here for completeness of presentation. Since the

selected data were obtained at various temperatures, the temperature derivative, dn/dT,

was needed to reduce the data to 293 K.
Measurements of the temperature coefficient of the refractive index, dn/dT, made

available in the wavelength region from 0.21 to 21.0 ;Am by a number of investigators,
were sufficient to carry out a least-squares fitting calculation. Potassium chloride is
among the five materials which provided the empirical results that led to the parameters
in Table 5. With the aid of these parameters we constructed a formula for estimating

dn/dT over a broader range of >,:
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2n = -11.13 (ni-1) + 0. 19 + . ,a' + 142. 5' (41)

(X- 0.0 2624)2 ('.-498.98)2

where dn/dT is in units of 10 K- 1 and X is in JAM.

In Fig. 36, the results calculated by Eq. (41) are compared with the experimental

data. It appears that for wavelengths longer than five microns the calculated values are

in general lower than the observed values, and that in the short wavelength region, 0.25-

0.50 W4m, the curve is higher than experiment. By a review of the sources, one can find

that data sets 32, 34, and 36 (32 and 36 not shown in Fig. 36) were obtained at about

330 K, some 40 degrees higher than 293 K, while data set 35 was obtained at a mean tem-

perature about 15 degrees lower than 293 K. The trend of these data indicates that the

absolute value of dn/dT increases with increasing temperature. Although dn/dT data

of curve 9 were obtained at a mean temperature of 293, they appeared to be randomly

scattered and not consistent with the trend demonstrated by curves 34 and 35.

It can be safely said that Eq. (41) predicts correct dn/dT values for wavelengths

smaller than five microns. For wavelengths larger than five microns, experimental

evidence is not sufficient to substantiate the predictions made by Eq. (41). However,

the fact that the empirically constructed dn/dT formula for Csl predicts correct values

for CsI in the long wavelength region, as discussed in subsection 3.20, gives strong

evidence that Eq. (41) can be used to calculate the dn/dT data for KCI In the long wave-

length region.

Equation (41) was used to make temperature corrections on the selected data sets

which were obtained at temperatures other than the reference temperature, 293 K.

Dispersion formulas of KCI have been proposed from time to time by a number of

authors, and have appeared in different forms. Table 44 contains a number of typical

formulas. They have all been reduced, wherever possible, to standard forms so that a

visual comparison can be easily made. From Tables 3 and 44, preliminary parameters

for a least-squares fitting were obtained. The calculation yielded the following dispersion
equation for KCI at 293 K in the transparent region, 0.18-35.0 Wm.

n' = 1.26486+ 0.30523 + 0.41620 )' + 0.18870 )' + 2. 6200 (42)
- (0.100)2 X2 - (0. 131) 2 -(0. 162)2 X2 (70. A2)2

where X is in units of gm.

(Equations (41) and (42) were used to generate the recommended values. The values

appearing in the table of recommended values do not reflect the degree of accuracy; extra
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decimal places are given simply for tabular smoothess. In order to use the table properly,

the reader should follow the criteria given below.

For refractive index

Wavelength Range Meanintp Estimated
(An) Decimal Place Uncertainty, :k

0.18- 0.20 2 0.01
0.20- 0.24 3 0.005
0.24- 0.35 4 0.0005
0.35-10.00 4 0.0001

10.00-15.00 4 0.0002
15.00-21.00 4 0.0005
21.00-30.00 3 0.006
30.00-35. 00 3 0.008

For dn/dT:

0.18- 0.20 1 0.9
0.20- 4.0 1 0.3
4.00-15.00 1 0.5

15.00-35.00 1 0.9

I



TA)LR 66. RZCOUINDDM VATWU ON TRlE REI3ACTTV3 i 0f WVLnufth N

TKPXRATIUN DMVATIVEG FMB MC AT 2026£

IL a -d/^ &dT I -,b/dl6 49/4T -W) ft/ttOM ip64 1 
4  Nb 4 10-4 K-4 o on .4 1

4 
K4

;.:It %.92 1992 17.29 6.366 .,99 .19C49 -2.73 1.666 1.76 .116sl -3.20
3.5 .692 13.969 8; ?' t3; .361 1.34273 .95M -2.76 1.90 1.47138 6.6993 -3.266.1S'. 1.63863 11.69296 11.66 4.31C 1.19669 061796 -1.61 1.166 1.47607 6.66633 -3.26

6.166 1.61765. 11.14179 4.31 6.315 1.23899 6.96tht -2.64 1.156 1.4746 6.36739 -3.21
3.166 1.7961 1.61 116 7.36 6.386 1.13916 0.95 -2.16 1.1166 1.67013 6.96612 -3.21

3.196 1.r638? 8.09132 6.69 6.315 1.!3291 1.03699 -2.66 1.296 1.187863 6.6366 -3.21
1.112 1.76562 7.239#49 4.95 6.31 1.93667 6.4863 -2.91 1.366 1.075S9 0.6632#1 -3.21
6.194 t. is164, .91969 4.69. 1.335 1.92669 C.300417 -2.98 1.356 1.40736 1.91474 -3.21
1.116 1.73933 5.97913 3.26 8~.344 1.12763 3.36327 -2.93 1.40C 1.41166 6.16681 -3.21
6.196 1.72769 9.47216 2.64 1.3435 1.5292 8.34492 -1.96 1.498 1ots?*$7 61.6634 -3.21

6.M6 1.71739 9.63736 2.619 6.396 1.92358 6.32117 -2.9t 1.563 1.67660 0.8031J -3.21
6.262 1.76771 4.61513 1.61 6.319 1.St21906.36599 -2.97 1.596 1.47691 6.66336 -3.21
6.264 1.69679 4.31771 1.19 6.346 1.24 8.29417 -2.16 1.666 1.434 6.66312 -3.81
6.266 1.69641 4.1892 6.63 6.369 1.91965 6.27966 -3.66 1.696 1.07619 6.63291 -3.21
1.268 1. 621 3.7966? 3.91 6.316 1.91760 6.26636 -3.61 1.F66 1.6196 6.66273 -3.f1

6.216 1.47539 3.5695 6.23 6.379 1.11039 0.25365 -3.682 1.753 1.47392 &.so2t? -3.21
6.212 1:4660 3.226 -6.62 ::36:6 1:119 6:.19212 -3.68 1.6 1.496 .6243-32

61 .121 8.:2%96 -629 6391 6 6.113 -3.63 1.:96 1:4756 :.63 3:21

3.231 1.19626 2.91726 -6.49 .361.1t2683 $.I26t -3.64 1.966 1.971057 6.66219 -3.21
6.218 1.69693 2.79464 -6.63 6.399 t.!1175 4.211141 -3.66 1.9 1.4744 6.88213 -3.21

6.226 1.64517 2.6th9(4 .6.63 8.466 1.51672 0.262064 -3.6 2.666 1.47936 6.06221 -3.21
6.2Z2 1.6411 Z.66763 -3.914 6.4160 1.56679 6.16139 -3.67 2.396 1.47921 6.6614 -3.61
6.224s 1.63536 2.34169 -1.66 6.920 1.56861 8.17056 -3.66 2.166 1.4711 6.96167 -3.21
6.226 1.63673 2.22436 -1.26 6.938 1.1937 1.19736 -3.69 2.156 1.47967 6.1611 -3.21
1.228 1.61639 2.11639 -1.32 6.4461 1.9836b 6.14951 -3.16 2.266 1.97996 6.66176 -3.21

6.23 1.62226G 2.61614 -1.92 6.436 t.1624s 6.131#69 -3.16 2.296 1.97469 6.66172 -3.21
6.232 1.61633 1.92296 -1.52 6.966 1.5311! 6.12123 -3.11 2.366 1.47*161 6.66166 -3.21
0.234 1.6169? 1.83619 -1.61 1678 1.4919s5 .11654 -3.12 6.356 1.47973 6.6169 .3.21
1.231 1.61696 1.79519 -1.69 6.410 1.49662 1.216 -3.18 t.48436 .47469 6.68611 So.f1
6.236 1.66799 1.67996 -1.76 6.498 1.69M7 4.1614? -3.13 8.456 2047901 6.66196 -3.11

0.241 1.66426 1.66!3 -1.63 6.916 1.49679 6.19*913 -3.13 2.961 1.%794M 1.6106 -. 213
6.2*2 1.66111 1.99261 -1.96 6.916 2.49967 6.66699 -3.t4 2.996 1.7 4 .66164 -3a1i
0.2414 1.59086 1.4791 -1.96 6.916 2149961 3.663917 -3.19 2.666 1.967933 6.66152 -3.211
6.246 1.99519 1.09712 -2.61 8.936 1.49065 0.6789A -3.19 2.656 1.4426 4.441%1 -3.211
0.246 1.59246 1.36534 -2.67 0.596 1.4434 0.67363 -3.11 1.?66 1.47161 6.66156 -1.211

6.256 1.96972 1.32116 -t.ll 6.966 1.492 6.695 -3.13 &.?Is 1006'11 6.66149 -3.26
6.252 1.96719 1.26377 -2.16 3.966 1.99265 6.669146 -3.16 2.666 1.974,93 6.661143 -3.23
6.254 1.1966 1.21713 .2.21 8.576 1.49141 0.66261 -3.16 2.696 1.47396 0.66t47 -3.26
1.256 1.96226 1.17299 -2.29 6.566 1.194661 6.69669 -3.16 3.966 1.97369 6.6467 .3.21
8.296 1.97997 1.13116 -2.26 1.996 1.%683 0.9M -3.16 I.99 1.47261 6.6116 -3.26

6.266 1.57775 1.91199 -2.32 6.686 1.4969. 6.69263 -3.17 3.666 1.9,737%46.61941 -S.26
6621.9796 1.66362 -2.36 6.688 2.696 1.61 -3.37 8.656 1.9716? 6.691%6 -3.66
6.6 1T9303 1.6163 -2.39 6.6916 1.46779 6.69296 -3.1, 3.166 1.47399 1.411416 -3.16

6.26:6 1.5713 6.913519 -2.92f 4.646 1%4649? 6.63094 -3.66 3.196 1.9725192 .1916 -3.36
6.266 1.56966 1.99118 -2.%§3 1.64$ 1.10123 6.13546 -3.18 3.266 1.10349 6.6614? -3.26

6.276 1.56772 6.92676 -2.97 6.766 1.499 6.13Z39 -3.68 3.256 1.9737 6.614711 -3.89
6.272 1.96591 6.6126 -2.36 6.73 1.46413 6.62966 -3.16 1.361 1.97T336 6.60196 -3.26
8.276P 1.96616 1.86317 -2.92 6.74 1.66936 6.6272? -3.19 3.351 1.40313 6.66148 -3.86
6.276 1.96246 6.63634 -2.69 40766 1*96364 6.61511 -3.11 1.466 1.47319 6.6461 -3.26
6.276 1.96661 6.61676 -2.97 1.?$# 1.98330 1.82319 -3.19 8.496 1.M736 6.661991 -3.86

6.266 1.56921 6.76616 -2.69 6.666 1.46211 1.619%6 -3.19 3.596 1.4726 6.66166 -3.26
#.rot 1.90767 6.76272 -2.66 6.626 3.68256 6.6199 -3.19 3.59 1.61193 6.66191 -3.86
6.264 1.59616 6.79626 -2.61 6.696 1.96212 6.61696 -3.19 3.666 1.417145 6.66162 -312
6.266 1.59106 6.71672 -2.61 toll$ 1.96176 6.61023 -3.26 3.696 1.47276 6.66193 -3.26
6.266 1.99389 6.69669 -3.66 6.666 1.961143 6.6167 -3.26 $.M6 1.90171 6.66119 -3.26

6.2no 1.99191 6.67634 -2.66 6.966 1.9111 6 .615#2 -Joe6 I.75 1.07161 6.06166 -3.19
6.392 1.99697 6.69930 -3.76 6.It@ 1.96662 6.61907 -3.26 3.666 1.97299 6.66196 -3.191
1.299 1.94917 6.616 -2.71 .9969 1.46655 6.613191 -3.86 3.696 1.4710 1.6019T -3.19
0.296 1.94861 6.6133 -1.73 $."61 1.46830 6.11239 -11 3.964 6.47339 6.96196 -3.19
6.296 1.59676 86666 -2.79 t.l6s 1.96606 6.61166 -3.26 3.1111 1.476181 6.64111 -3.19
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TABL[C 0. 29COUI65NDED VALVPJ ON Till RV11ACTIVE 061)5 AND rrs1 WAVELENGTV AND
TEMPERATtlat DMMIVZBV3 FOR KCI AT 393 K (oMS)

o.n6 1. 02 .64 *1.16 K .16 o .n 29 1.0836 1-5.3 18.64 o .n 29 681 1 ..3.

6.8 1.47216 8.8162 -3.11 S.206 1.46188 1. C636 -3.16 16.869 1.46191 6.161 -9.54
4.166 t.47215 0.1613 -3.16 3.330 1.4226s 4.61!86 -3.16 16.606 1.42146.0.670 -2.11
6.180 1.41721 9 .61163 -3.16 6.366 1.4619 0.10314 -3.16 16.886 1.4107? 16131 -2.94
14.15 10471011 4.611t -3.19 8.606 1.41q6 6.66218 -3.66 07.416 1.11733 6.00756 -2.52
4.211 1.710 1.#116 -3.16 6.863 1.6161 9.6.6 -3.66 0?.1g 1.41673 6.667? -2.4?

#.366o 1.107173 6.91t -3.16 6.60 1.461*62 8.622 -3.88 07.404 1.4151 0.66 2.17
4.300 1.67103 6.6176~f -3.16 8-g01 1.41#28 D.66!26 -3.6 17.666 1.411434 8.40764 -2.19
6.36 1.17M66 1.6101 -1.16 4.89 1.14431 090!36 -3.38 16.606 1.411631 6.9070 -t..42
#A. 156 1.4.7154 4.S6171 -3.16 $.666 1.%16 6.6633 -3.6 18.111 1.411S79 4.60763 -2.37
%.%So 1.47148 0.66176 3.1 . 1.4116 0.66312 -3.6? 18.f03 1.181F 8.04763 -2.37

Is-Sol 1.47130 OM.667 -3.16 6.110 1.4564 6.66361t -3.60 16.488 1.66412 8.8611M -2.31
4.S03 1.47130 8.601?? -3.16 6.368 1.4194 3.60396 -3.36 18.6#0 1.10696 0.08280 -2.31
86.1 1.%7113 #.So17? -3.10 6.1 1.46381 6.10356 -3.04 19.066 1.41896 6.03032 -2.21
673 1.471313.61100 -3.16 6.462 1.41102 06.14395 .3.66 16.608 .8 1.066 86063 -I.22

1.70 1.617196 6.8102 -3.10 9.886 160726 0.96362 -3.86 19.66 1.4169 3.4681 -2.18

%6.So0 1.4603 6.061163 -3.16 6.766 1.696 0.140300 -3.66 1961 1.31612 6.086 -Z.16
* 1.656 1.47876 4.63186 -3.10 6.606 1.471 1.8631M -3.06 19.086 1.39617 1.88683 -2.13

696 1.47067 6.06197 -3.13 9.966 1.66682 6.66175 .336# 26.643 1.3%61 6.11666? -2.36
696 1.406S6 3.161 -3.13 10.046 1.6546 3.66379 -3.63 Moll6 1.3911 1.66931 -2.10

9.363 1.1064016 .1M -3.16 1$.too 1.6967 6.33387 -3.83 21.666 1.10636 9.111960 -1.11
6.133 1.67329 6.06163 -3.16 16.603 1.666658 C.M036 -3.62 21.660 1.36181 3.01061 -1.01
6.266 1.67311 6.4016 -3.1? 16.860 104191#81 6.66161t -3.31 22.666 1.3791 6.S613 -1.70
5.361 1.469q6 6.062661 -3.17 11.0411 1663ty 6.8113 -3.86 22.686 J.37019 6.01378 -1.66
6.666 1.66976 8.16283 .3.1? 11.0 1.662664 3.66621 -2.66 53.6318 1.34461 6.01111, -1.6

6.636 1.6149 0.4916 -3.1? 11.2110 1.66156 4.66401 -2.96 23.638 I.33692 8.316?5 -1.33
686 1.1628 6.66216 -3.1? 11.636 1.6108 8.1636 -6.6? 26.036 1.1343 6.01266 -1.16

6.733 1.6898? 0.36813 -3.11 114110 16641646 6.66667 .4094 26.536 1.34492 6.11,24% -1.01
1.666 1.16606 0.13617 -3.1f 11.611 1.4601M 3.11665 -8.66 2S.666 I.1.886 s.01299 -8.07
S.666 1.16066 0.661to -$.if It.@## 1%448#1 8.8861 -2.93 25.0193 1.33633 3.81338 -6.86

8.8660 1.616 0.6626 -3.1c 12.206 1.41476? 6.66176 -2.621 20.686 1.32711 6.61366 -.. 1
6.101 1.46.611 6.68227 -3.1f 12.666 1.616M 6.6046S -2.91 1.566 1.32014 11.81639 -0.36
6.286 1.60794 6.6821 -3.19 12.8031.11 6.666612 -2.90 27.10 1.31161 6.014 13 -6.09
8.366 1.6773 0.06226 -3.10 12.666 1.411916 .60561 -2.60 27.666 1.306*6 6.01960 6.16
4.666 t.6741608633 -3.1! 13.630 1.643U13 .6511 -2.67 2366 .2911* 0.81119 8.36

8.563 1.46725 1.96111 -3.1! 13.260 1.66216 6.366231 -2.66 28.6061 1.28911 6.61671 6.06
.669 1.176,1 6.96162 -3.16 13.416 1.4461 1.68529 -2.66 26.366 1.28640 6.10843 0.96,

0.766 1.618676 0.611'9 -3.16 11.666 1.63996 3.66536 -2.83 29.8 1.2176 3.31603 1.IS
.68 1.4661 6.812!3 -3.16 13.806 1.63616 3.6616 -2.62 3063 1.262$1 6.17 .50

6.68 1.%682 6.027 -3.164 16.366 1.63776 1.01556 -2.064 36.66 1.25311 3.61666 1.63

7.00.46 .86266 -3.13 16.288 1.63887 6.6068 -2.79 31.660 1.2630? 61.62627 2.31

7.16 .667 8636 3.3 6.06 1.39 6.61576 :-3.11 31.636 1.13273 0.821 2.7$
7.6 1.6Oil 6.668 -3.1 16 1.36 4 .885141 -2.11 32.0631 1.22196 #.Ms1? 3.17
7.6 162 @.0or7 -3.13 14.011 1.61317 3.66566l -217134%6 1.16,6 6.66266 3.08

7.606 4'a O9,I 1.613 3.675 -3.12 19.961 1.6316?7 6.61696 -2.1 31.6 1 .1990"0 0.66364 4.11I7.0 1.460% 6.61279 -3.12 19.166 1.639?4 #.6oal* -2.7 33.636 3.16683 6.62661i 6.73
?.Go# 1.661? 3.63293 -3.13 16.6886 6.62968 6.3360 -61 36.6601 3.17613 0.41601 6.36s
7.?00 1.6666 3.16687 -3.11 161.4411 .4623 3.3038 -2.66 36.683 6.6086 61.6171s68.60
7.030 1.64137F6 6.6291 -3.11 16.4,0 1.611616 6.16649 -2.66 35.8 8.16,193 8.98446 S.72
7.660 1.64366 6.6169" -3.21 18.6 S.61163 6.660 -63

Fo thissimo bound 01 NWm pimooarmd f111snil vamn to wew weinso 40 e W sh, as~e wo d
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3.11. Potassium Bromide, KBr

Potassium bromide has optical characteristics similar to those of rock salt, but,

having a higher molecular weight, it transmits further into the infrared. Crystals up

to 11 kg are available from Harshaw Chemical Company. Very pure samples have been

obtained and they can be cleaved easily. KBr is of interest to designers of optical in-

struments because of its transparency in the infrared region. Although KBr is transparent

from 0.20 to 42 jim, the useful region is from 0.3 to 30 jim because strong absorption

occurs near the transparency limits.

Measurements of the refractive index of KBr date back to 1874. For the transparent

region experimental values were obtained mainly by the deviation method. For low ultra-

violet and far infrared wavelengths there were no measurements until 1967, when Vishnevskii,

et al. [901 reported their results for the region from 0.170 to 0.197 AM and Handi, et al.

[161 reported results for the region 35 to 770 pm.

After carefully reviewing this work, we have selected the data sets reported by

Spindler and Rodney [961, Stephens, et al. [97], Forrest 198], Harting [301, and Gundelach

[99] as the basis of the generation of reference data. Data sets which were not selected

either reported poor values or were determined by inadequate methods. Data for thin

films are not consistent with those for the bulk material. The properties of the thin film

vary widely with the surface conditions, the treatment of the sample and the thickness

and aging of the film. As a consequence, the thin film data are useless unless a pro-

tecting coating was deposited to preserve its characteristics. Data for the absorption

regions were not included in the analysis, but are presented here for completeness.

Note that the selected data were obtained at different temperatures; the effect of temperature

variations should be corrected before they were used for data analysis.

Data on the temperature coefficient of refractive index, dn/dT, of KBr are very

scanty and limited. Only five sets were found, covering the wavelength range from 0.26

to 1.1 om. Among the available data, those of Spindler and Rodney [96) are reasonably

good, and those of Harting [111 show a wide scatter and are not internally consistent.

The single value of Stephen, et al. [97] is a rough averaged value of dn/dT in a wavelength

range of 0.404 to 25. 14 jim at 295 K, and is consistent with the results of Spindler and

Rodney. The single value reported by Forrest [98] is the average value of dn/dT in a

wavelength range of 0.40 to 0. 77 jg at a mean temperature of 301 K and is consistent

with the other data sets. The single measurement of Korth [1001 is not accurate. The

available data on dn/dT are not suitable for a curve-fitting calculation, because the wave-

length coverage of the acceptable data is not wide enough to make evident the effects due
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to the thermal shifts of absorption peaks. However, by use of our novel findings, reason le

estimation of dn/dT for a wide wavelength range is not a problem. The empirical parameter

values in Table 5 were used to construct the dn/dT formula of KBr for the whole transparent

region:

2n= -11.61 (n2-1) + 0.39+ 3.944 X + 182.88 4

( 2 - 0.03497)2 (A? - 7694. 80)2

where dn/dT is in units of 1U" 5 K- and ) in Am.

A comparison of the values calculated by Eq. (43) and the existing data is shown

in Fig. 40. It appears that the calculated values are in general higher than the experi-

mental values, but we have reason to believe that Eq. (43) predicts correct dn/dT values

for the whole transparent region.

1. It has been observed in halide crystals that the absolute value of dn/dT
increases with increasing temperature. Spindler and Rodney obtained dn/dT
at 295 K; our dn/dT, for 293 K, should be located above their values. This
is clearly shown in Fig. 40, where the calculated curve is above and roughly
parallel to curve 5. Although the separation of these two curves seems
too large to account for only two degrees in temperature difference, it is
within the uncertainties in our calculation and the experiment.

2. In the case of CsI, the empirically constructed formula predicts correct
dn/dT values in the long wavelength region, as discussed in subsection 3.20.
One can expect this i to be the case here.

Spindler and Rodney derived an empirical relation (given in Table 49) between dn/dT

and wavelength, based on their experimental results. This expression indicated that dn/dT

increases with increasing wavelength in the visible region 0.4 to 0.71 Mm, but no attempt

was made to derive dn/dT beyond the visible region.

Equation (43) was used to make temperature corrections to the selected data sets

which were obtained at temperatures other than 293 K.

Quite a few dispersion equations have been proposed from time to time by a num-

ber of authors, and in various forms. Table 49 displays a few of typical formulas. They

have all been reduced, wherever possible, to standard forms so as to facilitate a visual

comparison. From the information in Tables 3 and 49, preliminary parameters for

least-squares fitting were obtained. The calculation yielded the following dispersion

equation for KBr at 293 K in the transparent region, 0.20 to 42. 0 14m.

I---_ _ _ _ _- --.



n2 = 1.39408 + 0.79221 X 0.01981 X2 + 0. 15587 X2

X2 - (0.146)2 ) - (0.173)2 X2 - (0.187)2

(44)

+ 0.17673 X2 + 2. 06217 
(44

)2- (60.61) 2 -(87. 72) 2

where X is in units of Wm.

Equations (43) and (44) were used to generate the recommended values. The

property values are given to more decimal places than needed simply for the purpose

of tabular smoothness. In order to use the table of recommended values properly, the

readers should follow the following criteria:

For refractive index:

Wavelength Range Meaningful Estimated
(m) Decimal Place Uncertainty, :k

0.20- 0.25 3 0.006
0.25- 0.35 4 0.0005
0.35- 0.40 4 0.0002
0.40-20.00 4 0.0001

20.00-26.00 4 0.0005
26.00-35.00 3 0.006
35.00-42.00 3 0.008

For dn/dT:

0.20- 0.25 1 0.9
0.25- 4.0 1 0.3
4.00-30. 00 1 0. 5

30.00-42.00 1 0.9

I
4 r
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TARL3 46. RWOMh6DED VALW6P ON TKE 1LV3AC7WIV UIZ AND rIN WAV31836OT AND
1ZMPK"UI DMVAI3BON om AT MK*

*Wd aMA a -&d &d

8.2#1 E13333.47049 #1.@? 9.391 1.61167 1.32777 -3.86 1.933 1.93399 0.9663 -3.73
4.122 .03628.61114 37.36 8.333 1.16311 6.633396 -3.36 1.336 1.31376 9.6616 -3.11
4.21 2.4164? 07.81116 11.43 6.300 1.1o66 0 ,7151 -3.29 1.666 1.I333 64614641 -3.7*
1.206 3.6466 146673 23.66 3.303 1.C113 0.1112 -3.31 1.16 1.633 6.06373 -3.73
1.266 1.95776 11.41#61 MIS1 6.371 1.19126 6.63533 -1.34 1.716 1.93397 6.66343 -3.13

0.216 SAW366 16.94116 13.6, 3.373 1.M013 8.44346 -3.36 1.796 1.93301 6.60311 -3.73
6.312 1.31376 9.71113 12.33 $.Joe 1.!4016 0.361ol -1.37 1.603 1.113441d 1.00296 *3.re
@.?1% 1.13366 6.6q19 13.?@ 1.366 1.19M3 6.36366, -3.33 1.033 1.13071 90117? -3.72
1.216 1.37960 7.89462 3.61 I.31 1.19494 1. 363668 -3.61 1.M3 1.13636 6.6613~ -3.73
6.210 1. "319 7.14373 7.If 0.333 6.39260 0.133236 -3.63 1.613 .9344% 4.63246 -3.1*

@.??I 1.66333 6.1301 6.341 0.66 1.!1117 0031729 -3.664 3.601 1.9363 0.08336 -3.73
3.22? 1.63770 4.11138 3.32 1.410 1.16814, 1.20183 -3.641 t.06 1.9388 3.8821? -3.73
3.2 Santo1 3.35331 6.66 0.630 1.1653 3.26660 -3.46 3.166 1.9313 0.03206 -3.73
6.726 1.01966 3.11637 3.63 1.616 1.16161 1.24616 -3.13 2.160 1.0633 6.00136 .3.73
0.226 1. 84549 6.71173 3.36 3.6631 1.96660 9.2#14 -3.33 3.360 1.9178 0.101? -3.13

$.fit 1.11622 61.48211 3.67 0.160 1.07631 0.36733 -3.V4 f.f63 1.5363 8.8097 -3.73
0.232 1.?4?931 %.19019 1 17 1.,69 1.07032 1.192112 -3.141 2.303 1.93176 6.38171 -3.73
1.236 1.?736 3.96313 1.33 3.676 1.!*7666 0.1054, -3.00 Z.393 A.I1766 0.O0166 -3.73
6.236 W.7179 3.71116 1.16 3.6004 1.17276 3.16363 -3.6p Z.660 1.53130 3.31150 -3.73
0.439 1.76654 3.01117 6.73 6.413 1.171164 0.13671 -3.34 2.460 1.53730 3.06153 -3.73

6.763 1.75773 3.31320 9.41 $.Its 1.04,964 6.14#661 -3.33 2.303 1.93742 0.331166 -3.73
3.262 1.?9121 3.13101 $.36 6.611 1.16073 0.12%93 -3.68 3.636 13 3.66163 -3.72
0.264 1.?4910 3.37352 -$.A0 6.030 1.0606 3.1ri67 -3.61 2.611 1.6373106.8031 -. F7
1.246 1.?331 t.62112 -1.39 3.3 1.16!71 6.1063 -3.61 R.698 1.331 6.0135 -3.73
1.260 1.7336 2.687M -3.61 0.360 1.36630l 6.11166 -3.63 3.736 1.3119 6.01&32 -3.72

0.251 1.72333 2.66671; -. 4e6 3.330 1.163640 6.1606 -3.63 2.763 1.370 0.00123 -3.72
#.232 1.72333j 2.66117 -6.00 1.361 1.363647 6.63676 -3.63 3.630 1.9310t 6.80126 -3.72
6.2910 W.1669 3.33366 .12 6.373 1.1613t10.19!16 -3.66 1.696 1.63033 6.661841 -3.73
6.?So 1416 8.3363 -1.60 @.so# 1.0608 t.0079? -3.664 t.911 1.9310 0.60121 .3.73
3.26 91.731 2.13163 -1.33 3.630 1.g6373 0.66316 -3.66 3.336 1.13003 6.601113 -3.72

0.260 1.70575 3.36366 -1.6t 0.681 1.153616 3.67073 -3.63 3.010 1.377 6.8811? -3.72
3.262 1.76176 1.44144 -1.5% 3.6331.36 6.67077 -3.66 3.060 1.5307 0.61116 -3.72
6.264 1.61736 1.6606 -1.46 6.6660 1.M613 6.16386 -3.66 3.130 1.3366463.101164 *3.72
6.2tg 1.636121 1.06070 -1.76 1."$6 1.63686 0.0736% -3.67 3.166 1.13163 0.00113 -3.73
0.?60 1.6060 1.73604 -1.6 0.640 1.1337 1.13217 -3.61 3.260 1.363 0.0491 *3072

6.271 1.4872S 1.67321 -1.32 1.719 1.19276 I.W673 -3.66 34566 1.3663 6.6111 -3.72
Cry77 1.60330 1.61197 -3.06 6.726 1.1016 6.9331 -3.61 3.300 1.M363 #.0011 -3.7*
6.76 1.6068 1.30333 -2.of 9.7%0 1.33102 6.66013 -3.60 3.336 1.9338 3.66103 -3.71
3.776, 1.07793 1.63673 -3.13 6.766 1.194023 3.C3tl3 -3.63 3.606 1.31633 3.66160 -3.71
0.270 2.67601 1.660 -2421 0.710 1.16956 6-.63 -3.61 3.666 1.13037 0.03116 -3.73

3.266 1.07137 1.73666 -3.1? 6.663 1.360368 0.61610 -3.63 3.363 1.9363 3.06107 -3.48
302 1.14323 1.34#11t -3.33 6.13 1.14028 3.1913 -3.71 3.366 1.53614 0.3010 -3.73

6.706" 1.66633 1.36112 -2.31 6.0661.67 0.90703 -3.11 1.663 1.63011 0.30166 -3.72
006 166433 1.29813 -?.66 6.060 &1073 3.63013 -1.76 3.663 1.53666 0.066 *3.72

0.7?6 11.6615 1.21716 -3.63 3.060 1.94671 6.6136 -3016 3.763 1.S360 6.00186 -3.72

323 1 13 1 170 :2:53 6.6 .620:013 -37 .3 13 60660 37

6:291 1.:0113 1:1013 -2.3 1.2 1.30 0.62 101 .3 3:166 1:11:19 6316
.3 .366 1:03 26 .6 1:036 6.19 3.1 .06 1333 36106 -3.3

?71 1166 1.336 -20 .36 1667 0171 -31 3.6 1.33 6616 ?3.7
6.73 1696 1.1666 -2.63 3.36 1.@ 6173 0.61312 _3. 1 3.:So 1.13S37 @.$@10[ -3.7

6.?30 1.60273 1.66307 -2. at 1.00 1.36666? 3.1162 -3.71l V.941 1.9366 63116 -3.2
#.?IS 1.0630 1.13730 -2.09 1..69 1.0%66 0.6136 -3.11 6.666 1.5331?3 0.00146 -3.7f

6. 300 136 6M 77 3 1.1367-.7 .1 1 .03 I 3I3$A1sl -3.71 6.916 1.S36 6.161t6 -3.72

6.373 1.6301 0.7166 -3.30 1.366 1.36130 6.03116 -3.73 4.811 1.5367 0.081147 -3.72

6.173 6.3272 0.71137 -3.00 1.231 1.!1359 1.90013 -3.72 6.256 I.S336 6.00117 -3.72
0.336 1.623s7 8.64151, -3.1 1.363 1.!8611? 6.66726 -3.72 %.306 1.9331 6.60116 -3.12

6.116 1.63632 0.63362 -31 13 1.:661 .4 663 .3 %:1:: 1::3131 ::::16 31
3.36 1617 0?.33306 -3.1 1.6 1So6l 6. 6 -3.7 3.5 16 1 i.t13 -37

6.366 1.61633 6.34S04 -3.31 1.610 1.66363303 -. 0 6.613606163 -3.71
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TARLB46 RECOMMENDED VALVES 0CM TlR REFSOACTIVB INDEX AND rr5 WAVEIANW3T AlE?)
TEMU~AT AK DEmVATIVEB FM1 K~t ATM 0K ei

7,kd3 ft/f hfT ta/dT
bp 10-6 K1 ON O 6' o' n

4.066 1.3l .11 37 .215 1.52812 C.08197 -3.65 10.566 T. 100 -0. -544 -3.23
%.556 1.53109 9.55116 -3.71 1.361 1.62792 o.601Iq -3M4 19.504 v%~6 .650 -3.22
4.666 1.53S51 8.85(11 -3.71 9.4114 1.52772 6.462M -3.64 11.226 1.89Ela 0.06456 -3.24
44. G') 1.93490 09.56111 -3.7?1 q956 1.5215 C 0204 -1.(4 ,%v.hod 1694t6 #.Sfetr -3.11
46.746 1.53,493 0..66112 .3.71 9.16 1.M231 0.50266 -3.64 19,606 1.#.4133 1.66466 -3.1?

6.5 .517 06112 -3.71 9.718 l.!E710 0.05.65 -3.6' 1%.860 1.4q339 4.6647S *s.IS
.66 1.53462 6.66113 -3.71 9.86 1.52689 9.10211 -3.63 20.601 1.498#43 6.69461 -3. 1

14.850 1.S34?t 6.611i -3.7?6 9.466 1,.62666 0.60213 -3.63 20.40 1. 44149 6.6640? -3.091
1.968 1. 53400 8.611i -3.71 10.116 1.!26'.7 0.CQ21S -3.63 21.506 1.468746 6.6014 -3.6S
4.956 1 .53464 6.6(115 -3.7?1 11.114 1.!2613 0.Cai2 -3.12 21.S06 1.109"s 6.11S31 -3.56

5.80 t 1. S3454) 6.0011a -3071 11 .10 1.52559 O-COZ24 -3.t2 22.060 1. 44215 8.611 -2.S5
$.155 1.S34'.7 6.66117 - 3.7?1 116.066 1. 12914 0.60229 -3.61 22.S00 1 .41?137 $.83566 -2.65
9.200 1.S3135 6.69119 -3.71 11.616 1.02416? 0.03233 -3.61 23.406 1.166 6.65864 -Z.63
5.300 1 .534613 6.66126 -3071 11 .618 1.11420 0.00236 -3.60 23.556 1.47360 30.60602 -20?
5.406 1. 53411 6.62122 -3.71 11.266 I.i2z372 0. to24 3 -3.4C 26.666 1. 1 Poia? 6.061 -2.71

S.500 1.53399 6.06103 -3. F6 11.1609 l.!ZSZB 0. COZ4?F -3.69 Z4.6 So .46732 8.861 -2.64
5.600 L.53386 1.16125 -3.00 11-660 1.!2Z73 0.00252 -3.56 2S.400 1.4"06 6.86662 -2.57
f.700 0.534 6.6012? -. ?#7 11.661 1.!2222 0.002S7 -3.68 25.500 1.11076 6.0462 -2.14
5.Ac5 1.53361 6.16128 -3.70 12.666 1.62171 I.C6261 -3.67 26.066 1.4672 6.go?61 -t.41
9.966 1.93348 C.ft136 -3.71 12.216 1.52s16 C.90266 -3.6? 26.664 1.469604 .80726 -E.32

e.6008 1.53339 2.0131? -3.0C 12.1 1.520611 0.102?1 -3.66 27.060 1.449 4.6974S -2.23
6.100 1.S3322 6.00134 -3.76 12.666 1.42609 6.60276 -3.55 M7.56 1.4411 4.88M7 -2.13
1.266 1.53335 6.99136 -3.76 12.60 1.51954 5.16261 -3.66 28.065 1.%4*2 6.06796 -2.63
t.366 1.93?95 6.1W -3.61 13.160 1.111? 40206 -3.54 26.566 1.431291 6.06621 -1.42
1.406 1.63261 6.66121 -3.6S 13.266 1.91641 0.00211 -3.23 19.118 §.%3404 6.00647 -1.41

1.500 1.53167 6.16141 -1.69 13.4609 1.917P . :-0296 -3.%2 29.506 1.42076 6.6013 -1.66
6.t0 L.F3253 6.61143 -3.61 13.660 1.611ZI G.cfl61 -3.61 36.600 1.42521 6.06961 -1.5t
6.766 1.13236 1.6116 -3.t9 13.665 L.S1tb1 C_ ,306 -3.11 30.S46 1.4ZO73 6.6831 -1.42
6.655 1.532t46.9614Y -3.69 14.66 t.f1999 6.CO3l1 -5.56 31.666 1.bl15616.#0919 -1.P?
6.900 1.63239 6.65149 -3.691 141 1 1.!1536 O.65316 -3.f49 31.560 1.41114 6.06416 -&.1t

7.000 1.53194 6.111 -3.60 14.460 1.514?3 0.11321 -3.46 32.606 1.40611 6.61622 -6.S6
7.110 1.53179 6.113 -1.15 14.653 1.!1408 0.00326 -3.4? 32.556 1.4641 6.Mt65 -6.79
?.204 1.93L63 6.041!5 -3.tt 14.680 1.1182 0.10!31 -3.4? 13.606 1.3"966 6.01691 -6.61
7.308 1.53146 4.61WY -3.68 15.616 1.41?75 I.60331 -3.46 53.561 1.39661 6.811f6 .6.42

760 1.13132 6.561t9 -3.66 15.266 1.!1206 6. 0413,2 -3.46 04.081 1.36129l 6.1103 -6.21

7.S6o 1.53116 6.611(1 -3.60 15.461 1.S1139 G.10347 -3.40A 34.666 1.37636 0.#12~t 0.60
7.606 1.6316985.601M -3.65 15SM@ 1.51669 0.65752 -3.43 35.606 0.12? 8.612%3 6.23
7.766 1.53063 6.6161,5 -1.67 15.669 1.90196 C.06356 -3.42 35.560 1.3699 6.0126 5.4?
7.605 1.5306? 6.60167 -3.6? 16.666 1.56926 0.66363 -3.41 36.166 1.19941 6.61331 6.?3
?.900 1.93850 6.601(l -3.47 16.260 1.1852 6.26769 -3.40s 36.561 1.3"66 9.113?? 1.611

6.6#4 1.53633 6.61711 -3.07 10.466 1.9676 6.00374# -3.39 37.05 1.34#63 6.01427 1.36
6.166 1.53515 6.67 36 668 1513 6036 -3.37 37.M6 0.6101? 0.6147S 1.66

630 1.5966 6.67 -36 17.6 15546 0.09 335 It 56 1. 6 5.015933 .2

3.466 1.5?962 3.1658 -3.66 17.206 1.56470 8.0439? -3.34 39.616 1.3149 40.611 2.65

5.506 12944 6.60162 -3.66 07.4664 1.56394 0.80412 -3.33 39.560 1.36063 0.611, 3.64.
5.616 1.52926 6.15616 -3.66 17.665 1.1801 0.10406 -3.31 %4.666 1.f9779 6.61762 1.46

6.6 1596 .616 -36 1.6:1522 .0414 -3.6 0.66 1576 6.61564 3.91
6.6 .256 6.619 -3.65 1a66 1.543 66426 -3.21 141.6 a.7V WSJ 95 Is .39

696 1.256 66691 3.5 1.26 15559 .6426-32? 41.666 1.161319 6.62612 4.94

'1 ~966 1501 6615 -. 5 1.6 .9 0. 3S0 -3.26 %8.616 1.25911 5.0261996.41
9.166 1631 6.609 1.6 11.631 1.49S76 1:60436 -. 5

1* IWeh tabie more .kvtaal pinef see reporled them warraed merely for the apmes, of tabear mufteme MAe m1in1 caowatem
For u..nigaW decAwl paoec sa umarW~a~m d biushd valgies ta variam uaea.ah rmogs,. e Ma d .ebommm 5.1
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3.12. Potassium Iodide, KI

Potassium iodide is valuable as prism material, but it is too hygroscopic (being

about twice as soluble in water as potassium bromide) and too soft for field use. It is

also soluble in alcohol and in ammonia. Ingots 19 cm in diameter are available. Although

KI is one of the softest rocksalt-structure alkali halides, not a suitable optical material,

its wide transparency, 0. 25 to 50 Mm, draws attention in crystal structure research.

Fundamental absorptions in the ultraviolet and infrared regions, static and high-frequency

dielectric constants have been measured by a number of investigators, and the results

are listed in Table 3.

Reasonable amounts of data on the refractive index of KI are available in the open

literature. By careful examination of the avaiiable data we find that for the transparent

wavelength region the results of Gyulai 127) and Harting [301 are consistent (with tem-

perature effects considered) to the fourth decimal place in spite of the fact that Gyulai

quoted an accuracy of one unit at the third decimal place. Korth's values 11001, although

being reported to the fourth decimal place, are good only to the third place. Bauer's

values appear too low to be considered as useful data because of his use of thin films,

and the unfavorable surface conditions of the samples. Data reported by Sprockhoff 1951

and Tops3e and Christiatsen [1011 appear slightly too high at the assumed temperature;

they either observed at a considerably lower temperature or used inadequate samples.

In the infrared region, 40 $an and up, data were deduced by analyzing the information

on reflection and transmission spectra. Data are available from the figures of Hadni,

et al. 1161, Edlridge, et al. [1031, and Berg, et al. [1041. They are not included in the

data analysis but are presented here for completeness.

Data measured by Gyulai, Harting, and Korth were adopted for our analysis.

The selected data sets were obtained at different temperatures: Gyulai's measured at

339 K, Harting's at 293 K, and Korth's at 311 K. Information on dn/dT is needed to

c rry out temperature corrections on the selected data sets, but little is available.
I

Data on dn/dT were given by Harting 130) and Korth f1001. The values reported

by Harting are for a wavelength region from 0.248 to 1.083 jAm and a temperature of

293 K. Although this data set covers a sufficient wavelength range for a curve fitting

calculation, its unfavorable scatter led to unreasonable values of the adjustable para-

meters in Eq. (19). A single but reliable value was given by Korth for the Hg green

line at a mean temperature of 337 K. As a consequence of the lack of reasonable data,

temperature effect corrections to the available data on refractive index were never con-

sidered In early survey works or in handbooks. In the present work, however, this problem
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was solved by our empirical discoveries by which the unknown parameters of Eq. (19)

for each of the alkali halides were predicted. This enabled us to construct a dn/dT

formula for KI at 293 K in the transparent region:

2n- = -12.24 (n2 -1) + 0.80+ 4.785 V + 165.92 V , (45)
dT (X2 - 0.04796)2 (> 2 - 9611.84)2

where dn/dT is in units of 10 - 5 K "- and X in n.

In Fig. 43, the values calculated by Eq. (45) are compared with the experimental

data. It appears that our calculated values do not agree with those reported by Harting.

However, we have reasons to believe that Eq. (45) predicts satisfactory dn/dT values

for KI.

1. The figure shows that the curve of Eq. (45) is the lower envelope of Harting's
data. If the uncertainties of Harting's measurements are the deviations of
the points from the averaged position, our predictions are considered to be
in acceptable agreement with the Harting's values.

2. Although it has been observed in halide crystals that the absolute value of
dn/dT increases with increasing temperature, the variation is small in a
fairly wide range of temperatures. This is the basis of the second expres-
sion of Eq. (4). It is clearly shown in Fig. 43 that our predictions are
located at a reasonable distance from Korth's data point, in view of the dif-
ference in temperatures.

3. The predictions of the dn/dT formula for CsI based on the empirical para-
meters of Table 5 agree closely with the data in the long wavelength region
as discussed in subsection 3.20. We assume that this is also the case for
KI.

Based on the above discussions, Eq. (45) was confidently used to reduce the selected

refractive index data to 293 K.

Ramachandran [171 attempted to construct dispersion equations to fit the data

provided by Gyulai and Korth, respectively, and found two equations, one for wavelengths

from 0.206 to 0.615 j.m at 339 K, and the other for wavelengths from 4 to 29 gm at :311 K,

as shown in Table 54. Note that these equations do not include the contributions of ab-

sorption bands located at the other end of the transparent region. This will lead to

improper extrapolations. It is our goal to ,.ork out a formula which inciudes the effects

due to the absorption bands at both ends of the transparent region, and yields the refrac-

tive indices for the whole transparent region at a chosen reference temperature, 293 K.

Based on the information in Tables 3 and 54, input parameters for least-squares fitting
were obtained. The result of the fitting is a dispersion equation for KI at 293 K in the

transparent region, 0. 25-50 jim.
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n2 =1.47285+ 0.16512 X2  0. 41222 X2  0. 44163 X2

X2- (0.129)2 X2 - (0.175)2 X2 - (.187)2

(46)
0. 16076 \2 0. 33571 X2  1. 92474 >2

X2 - (0.219)2 X- - (69.44)2 X2 - (98. 04)2

where X is in units of gmi.

Equations (45) and (46) were used to generate the recommended values for n,
dn/dX, and dn/dT. More decimal places are given than are needed, for tabular smooth-
ness. Readers are advised to use the criteria given below in order to insure the proper

usage of the table of recommended values.

For refractive index:

Wavelength Range Meaningful Estimated
(JAM) Decimal Place Uncertainty, t

0.25- 0.35 3 0.008
0.35-10.00 3 0.002
10.00-25.00 3 0.003
25.00-40. 00 3 0.006
40.00-50.00 3 0.009

For dn/dT:

0.25- 0.27 1 0.9
0.27- 2.00 1 0.3
2.00-30.00 1 0.4

30.00-40.00 1 0.5
40.00-50.00 1 0.9

.I

-3
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TABU2 50. RE0COMMENDED10 VALUES ON THEo R~FR1ACTIVE INODEX AND ITS WAVELENGTH AND
TrE1PE19ATURE DERIVATIVES FOR KI AT 2S3 K*

0.*2S0 2.04933 0.61024. 12.21 0.950 1.07729 C.*17742 -4.31 2. 75C 1.6296? C.03160 -4.41
O * 22 2.f383 7.91820 10.41 a .5e0 1.(F357 C * 1609 -4. 33 2. 830 1.6295'. 0.8015S -4.490.254. 2.Clr*3 ?.3C303 4.89 0.570 1.E6695 2.15ES4 -4.3,1 2.8'0 1.6246 Q.05150 -4.49
C.256 2.C0357 t.77107 7.59 0.500 1.(6743 C.147 -4..34 2.9t0 1.62939 0.00146 -4.4'
0.254 1.99650 6.302(5 6.8 0.5s0 1.tb5q9 0.13S40 -4.35 2.950 1.62531 0.9014Z -4.48

3.6' .97832 5.8089 5.52 0.600 1.(6464 C.131(7 -4.3r 3.600 0.6292 0.041!8 -4.48
0.262 1.9669.3 5.51344 4.67 0.623 1.(621! 0.11709 -4.3? 3.05C 1.6291t 0.81!5 -4.4a
C.?04 t.95624 5.1)047 3.94 0.640 1.(5991 0.1001 -4.3e 3.100 1.62111 0.40111 -4.48
0.2fs 1.44619 4.67576 3.20 0.660 1.(5790 0.09571 -4.39 3.150 1.62906 0.08!29 -4.4e
0.260 109367f 4.50856 2.76 0.680 1.M507 ".tak?3 -4.40 3.200 1.6281t 2.6012b -4.40

0.?70 1.1,2777 4.3!002 2.10 0.700 1.E5442 C.C7307 -4.4.1 3.25C 1.6U892 0.60123 -4.480.272 1.91930 4.12139 1.73 0.720 1.65291 0.07114 -4.41 3.300 0.62A06 0,08121 -4.48
0.274 1.q 1 1 ?7 3.911604 1.31 0.740 1.f51'4 0.06se? -4.42 3.350 1.620 0.00119 -4.4a
0,776 1.90365 3.71734 0.93 O.708 1.0528 0. Cit 39 -4.42 3.400 1.62674 C.4011? -4.48
0.275 1.896%0 3.5!845 0.60 0.700 1.(4912 0.25!!S -4.4! 3.450 1.6teb6 0.115l -4.40

9.240 1.8694i 3.372tt 0.2' 0.400 1.(48:5 C.C!12? -4.4' 3.530 1.62f62 0.64114 -4.4t
0.207? 1.88299 3.21905 0.01 0.810 1.047C7 0.04734 -4.44 3.550 1.6Z857 0.00112 -4.40
3.284 1.8 7660 3.07810 -0.25 0.&40 1.04015 C. 24303 -4.44 3.b02 1.G2051 0.04111 -4.40
0.286 1.67059 2.942(3 -0.49 0.860 1.(4531 C.04070 -%.44 3.650 1.6064t 0.00110 -4.48
0.Z58 1.864083 2.6004 -0.70 1.885 1.14452 C.C37l5 -4.4f 3.TCO 1.62840 6.001&8 -4.48

0.290 1.85931 2.73152 .0.9c 0.900 1.64379 0. C1526 -4.45 3.750 1.C213! 0.00127 - 48
0.ZQ2 1.85402 Z.592C9 -1.09 0.920 1.(4!11 C.C3291 -4.4f 3.600 1.5282' 4.00C7 -4.48
0.294 1.84494 2.46S42 -1.2( 0.9440 1.0424a 0.C3C77 -4.45 3.858 5.6t26 0.00116 -4.48
0.296 1.84408 Z.3'085 -0.47 0.900 1.04108 0.02t81 -4.4.t 3.900 1.62011 0.6010 -4.4.8
0.2 e 1.83936 2.M418 -1.56 0.900 1.(4132 C.02702 -4.40 3.950 1.6t814 0.00104 -4.40

0.30C 1.03454 2.Z1068 -1.7 1.00 1.C4.0803 0.32S37 -4.46i 4.030 1.62800 0.80104 -4.40
0.10S I.02'.24 2.1210 -2.80 1.08 1.03962 0.02182 -%.4t 4.000 1.620043 0.00103 -4.40
C.313 t..10459 1.00105 -2.2f 1.100 1.06861 2.01091 -4.4? .100o 1.tz2798 O.041c3 -4.48
0 .315 1.80 571 1.70 2'S -2.45 £ 110 1 * 3777 C. 21600 -4f.47 60 4.190 16q3 86122 -4.40.
0.378 1.?7S3 1.57117 -2.06 1.290 1.05695 C.C1450 -4.47 4.288 1.f2708 0 !Olt? -4.48

3.375 1.78998 1.4!!z1 -2.03 1.2!0 1.03027 C.01282 -4.47 4.250 1.62783 0.Q01LZ -4.4.90.330 1.78Z136 1.34436 -2.97 1.310 1.03506 0.-1134 -4.47 4.360 1.t2778 6.401? -4..8
0.335 1.776. 1.f0487 .3.00 1.3'S 1.012z C.4ICIS -4.418 4-350 1.6z773 0.00121 .4
0.34-0 1.Pr042 1.u095 -3.21 1.6 1.f3464 D00913 -4.49 4.400 1.52760 0.001.o _4.10k
0. 345 1.76477 1.9M27 -3.30 1.450 1.63421 0 .0082t. -4.489 4.456 E062 0.00412c1 -4.640

0. 350 1.- 7'9..8 1.02!33 -3. 39 1 .500 1.f3382 a . cc 7'-6 -4.4p 4.500 1.62757 0.001C1 -4.48
a . 355 . ys 752 #.v084 -3.47 1 .560 1 .8(334t 0 . to0670 -4.40 4. 5 k 1 .62751 8.00121 -4.4e
0 .360 1 .?4 98 7 1.90 Z26 -3.S54 1.601 1.03314 c .8010Ia -4.40 4.600 1 .6t2747? 0.06161 --4.0
0 .365 1 .745419 0.064113? -3.60 1 .660 1.63?" 4 6.00'6e -4.48 4.650 1.62742 0. 0 012C1 -4.40
0. 370 1.74137 0.46684 - 3.60t 1.700 1.6(3257 G. 00520 -4.48 '.700 10.62737 0.01016t1 -4.40

0.370 0.73748 I.7620f -3.70 1.750 1.03202 0.004MI -4.48 4.756 1.62702 0.60121 -4..48
0 * 300 1.23 380 1.71564 -3. 7t 1.0800 1.03209 0.00443 4.8 4.600 1.62727 9.800C2 -4.4e
0.385 1.73032 0 .67761 -3.8C 1.851 1.(318 0. 004-11 -4.460 4.850 1. fl722 0.4010C -4.460.390 1.7F2703 0.b611 -3.84 1 .980 1.83158 0 .10382 -4t.4,8 4.906 0.6271 0.0112 -4.'.
0.395 1 .72390 0.61916 -3.698 1 .9S8 1.03149 0.007!? -4.,4S 4-91 1.62112 0.00122 -4.47

0 .400 1.72093 0 .57062 -3.91 2.*000 1 ( 03132 0 . 003!34 - 4. 46 5.000 I .?o0? 4.800842 .4.47
0.410 1.71942 6.54t7 -. 3.17 2.090 1.03110 C.co!13 .*5 5.100 0.62695 0.00123 -4.67
0.4p0 1.L142 .7? :-:.02 2.188 1.0 3101 0.C0:94 -. 0 5.200 1.62606 0.9410. -4..47
1.430 L.7050 S 0?.:43145 -4.6 2.188 1.005f 0.00?7 -4.41 5.386 1.46576 0.8125 -4.47
1.408 1.7101 10.3if32 -%.16 2.218 1.03073 0.f0262 -4.4.9 5.400 1.02855 0.001CS -4.40

6.450 1.69789 0.36500 -4.13 2.200 1.(3060 C.60?48 -4.49 5.800 1.6riss 0.00106 -4.47
8.460 1.69430 0.33(11 -4.16 2.310 1.U3046 0.00239 -4.49 5.660 1.62t64. 6.00107-44
0.470 1.69114 0.31610 -4.019 2.350 1.(301? 0.40223 -4.4s 5.f00 &.Grass 0.0108 -. 4
84 1.600118 r.207f -4.2 r 2 .400 1. (302? .100 -4.%9 5.00 3fir*22 0.1819 - 140.4q0 t0. 68537 #.26714 -4.23 2.490o 1.10 0.00203 -4.49 5.968 1.42011 0.0118l -4.47

8.588 1.60200 0.2463? -4.25 2.580 1.000f 0.615I4 -4 .4 6.8000 1.6z000 0.8112Z -4.4?
0.550 1.6646 8.1313e -4.20t 2.91 1.00996 0.10106 -4.49 6.18 3.6f505 0.60113 -4.4.6

050 I.GFIIo #.&toga -4.2 to 7.600 1.0290 C00119 -4.4s 6.268 1.625781 8.01114. -4.6
8.530 0.07600 0.8093 -4.29 2. 1.0 2978zg~ c.00io~ 4.4 6.300 1.4260 6.801111 -. 41t

0.541 1 .67412 1.18913 -4.3If 2.701 1.02976 0.006 -. 4A 6. 160 .02no10 0.001t5 -. 6
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TARLE 30. RECOMMENDED VALUXII0ON THlE REFRACTIVE INDEX AND ITS WAVECLENGTH AND
TEMPERATURE DEUVATIVES F0OR RI AT 293 K (ooaiaud)*

xAd/) td -dm/dA 411/dr A -d/d. din/d

OM W 10-6K'4 O g,- 10-4o K- onO- 1-

4.6 . 6256 16118 -4.410 12.008 1.I11.81 0.00220 -4.35 26.580 1.96323 0.1199SY -3.94
6003 1.62931 8.11119 -4.66 13.163 1.W614 I.C0220 -41.34. 27.16 1.56014.1 1.38573 -3.48

6.700 1.62519 1.1#121 -to.4 13.233 1. f1393 0.00232 -6.36 2Y.1116 1.15750 1611111 -3.4#1
6.030 1.62567 3.00112 -4.46 13.4.61 1.(L343 4.10236 -6.33 24.6,0 1.641 3031*0? -3.316
0.900 1.62495 1.36113 -4.1#6 13.699 1.1179t 0.502403 -6.33 26.08 1.05143 11611624 -3.29

7.D00 1.62482 4.08125 -4.45 13.880 1.01247 0.00244 -6.32 29.366 1.9432? 0..00642 -3.23
7.100 1.(2#&70 3.06126 -4.41 16.633 1.M198 I.C0246 -4.31 29.600 1.94.032 3.366661 -3.16
?.ZOO 1.624151 1.03128 -4.45 14.208 1.(11483 I*0 0 2  -4.31 30.100 1.2#616? 6.11909 -3.688
7.360 1.62644. 3.00119 -4.49 16.%1$ 1.(1097 9.00256 -6o.33 30.930 1.93862 4.806991 -3.30
7.4000 1.t2631 011 -6.49 16.633 1.11.116 0.00260 -16.2 U1136 1.5368 0.40719 -2.12

7.500 1.6261O06.041!2 -6.6f 164.636 1.(8993 0.00264. 6.211 31.S66 1.53143 0.30739 -2.03
7.600 1.62605 3.6617'. -6.45 19.010 1.(0940 0 00266 -6.26 3Z.806 1.52720 C.06761 -2.76
7.700 1.62391 6.691!5 -4..45 19.2306 1.E536603.002T2 -6.27 32.600 1.52742 0.33733 -2.66
7.600 1.62376 0.1101V7 -6.66h 19.63 1.(0031 O.00276 -6.2? 33.002 1.!19045 3.10366 -2.54
7.900 1.62364 0.001!8 -4.66 19.66* 1.(077E O.C02611 -6.26 33.530 1.91637 6.30829 -2.44

0.000 1.b2350 0.00140 -4.46 15.060 1.1071' 0.CO04 -6.25 36.300 1.51116 0.00453 -2.32
8.100 1.C233606.06141 -64.66 16.800 1.f0662 0.00280 -6.2! 34.566 1.90C03 0.08478 -2.21
B.?00 1.62322 0.06113 -4.44 16.263 1.00 0.00293 -64.26 35.030 1.60230 6.01904 -2.6
8.3110 1.62307 6.3014-5 -6.44 16.630 1.(115 O.C0297 -4.23 35.606 1.4.9779 9.39931 -1.99
6.410 1.62243 &.00146 -. 644 16.660 1.EO465 0.00301 -6.22 36.600 1.49311f 11.0019 -1.02

6.5AD 1.62276 0.0014A -4.63 16.066 1.106795 0.00105 -4.21 36.500 1.620 0.88188 -1.60
0 .1 1.62263 8.061!0 -6.63 17.660 1.(0363 0.C0710 -6.21 37.000 1.46310 0.81018 -1.63
8.700 1.622480 O.IOL 1 -6.63 17.200 1.100361 0.00316 62 37.500 1.4.7302 0.01069 -1.37
0.000 1.62233 0.501!3 -6.63 17.660 1.(0238 0.00313 -6.19 3606 1.4.7269 0.01082 -1.20
S.qg0 1.62210 0.8019 -6.43 17.600 1.(0174 O.C03123 -6.10 30.900 1.46720 0.61116 -1.02

q.000 1.62202 3.0601!6 -4.43 17.00 1.10109 0.00327 -6.17 39.003 1.4613 0.31151 -0.36
94.100 1.b2100 6.00106 -4.4 16.000 1.10063 0.9033? -4.10 39.500 1.46569 0.0118? -3.25
9.700 1.62171 0.901(l -4.42 10.200 1.99970 0.00!36 -6.15 60.000 1.664966 3.01226 -0.'64
9.1co 1.621539 .66101 -6.62 18.660 1.Sg900 0.00361 -6.14 40.500 1.46363 8.01206 uo.23
.00 1.6?13M 0.00113 -6.67 18.0600 1.!98060 0.0075 -4.1! 61.006 1.43700 0.81307 0.00

9.SC0 1.C212? 0.00109 -6.67 10.400 1.S9770 0.0079 -6.1? 6.500o 1.4303S 0.01311 0.26
O.F70 1.62105 C.0016 -6.42 19.000 1.f9rc0 0.00396 -6.11 642.000 1.623645 0.01397 0.69
-.700 1.6208i 0.09118 -4.41 19.203 I 9178 0.r0799 -6.16 612.500 1.41(36 0.41665 0.76
9.90 1.62072 0.08170 -6.41 19.660 1.S9550 O.W036 -4.09 43.010 1.4990Z 0.31696 1.66
9.903 1.02050S 0.0017? -6.60 19.600 1.99667 O.03706 -6.06 643.500 1.6014.1 0.0156.9 1.36.

10.000 1.42037 0.00171 -6.61 19.400 1.!9409 0.C3373 -6.07 664.000 1.39353 0.01605 1.15
t U. 'nC 1.b2002 0.0017? -4.40 20.000 1. !9334 0. 00378 6#.Cf 64.500 1.30131, 0.01606 1.qq
10.630 1.61907 0.001M0 -4.60 20.500 1.S932 0.00790 -61.03 6.5.000 1.37133 0.01027 2.36
10.600 1.61q33 0.07066 -6.60 Z1.000 0.!89414 0.C060? -6#.o0 65.560 1.361118 0.017'3 2.71
10.000 1.61093 0.00061 -4.3P 21.510 1.!873q 0.CO3405 -3.97 66.000 1.39095 0.1613t 3.11

11.033 1.h1850 0.O0191 -4.30 22.000 1.!95?9 0.0626 -3.97 66.500 1.34S45 6.01977 3.53
11.790 1.6181? 0.00191; -A4.39 22.900 2.!8312 0.00441 -3.90 47.000 1.33997 0.02016 3.97
11.60q 1.f1777 6.00W -6.36 ?3.000 1.!F1086 0.00696 -3.00 67.506 1.32923 0.02101. 6.464
11.007 2.E0737 0.02? -16.3a Z3.540 1.!07 0.0066 -3.82 48.000 1.31055 0.02191 6.56
it . 0 01 k616 0.0020, -6. 37 246.160 1.!?620 0 . 0068 ? -3.78 46.500 1.3813( 6.67267 5.40

1270901 05.JE5 C.33?Oq -6.97 21-.506 1.!717' 0.00690 -3.73 49.000 1.2967 6.32390 6.05
17.3 ?0 21.61613 0.00213 -4.3F 29.000 1.!7124 0.0191 -3.M 69.100 1.20366 0.4t561 6.t(
12.6400 1.fi1670 0.002 -6. 3C 24S.960 1.06664 0.00926 -3.0 53.000 1.2706640.32621 7.31
12'.fo 2.02570 &.Cozzi -4.3! 26.660 1.16599 0.C0941 -3.59

In hii Oh. le morc' docilm2 plate@ are reported than warranted nierely for thle puarpose of tabular smoothness and internal covamrion.
I m,- mircful decimal plac~s and urertaintles of tabulated values in va-loull wavelength ranges, see the text of embection 3. 12.
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3.13. Rubidium Fluoride, RbF

The refractive index of RbF is available only for a single spectral line, the

sodium D line, measured by Spangenberg [451 in 1923 using the immersion method.

One of the reasons for the scantiness of the data is the difficulty in crystal growing.

Though little attention was paid to the refractive index measurement, a number of other

physical properties of RbF were investigated. Values of a few of them are given in Tables

2 and 3. Although there is only a single value of n available, a dispersion equation can

be formed by correlating the dielectric constants and the wavelengths of absorption peaks

to the refractive index by the two-oscillator model. Using the values of known parameters

from Table 3 and the available value of n:

Es = 6.48,

f/ = 1.93,

>,u = 0. 124 pm (average of two peaks),

X, = 63.29 gm,

and n = 1.398 for X = 0.5893gm

the value of the adjustable parameter A of Eq. (13) is found to be 1. 395. This leads

to a dispersion equation for RbF at 293 K in the transparent region from 0. 15-25.0 iAm.

n2 =1.395 + 0. 535 X2  )4.55 V
2 - (0.124)2 X2 - (63.29)2

where X is in units of $an.

No experimental data on dn/dT are available. Our empirical parameter values

in Table 5 were used to construct a dn/dT formula for the transparent region:

2n T = -8.25 (n2-1) - 0.89 + 1.581X4 + 227.50 V (48)dT (X2 - 0.01742)2 ( 2 - 4005.62)2
where dn/dT is in units of 10-5 K-t and X in gL.,.

Equations (47) and (48) were used to generate the recommended values of refractive

index and its wavelength and temperature derivatives. In the table of recommended values,

more decimal places than needed are given, for tabular smoothness and internal com-

parison. The readers are advised to follow the criteria given below in order to find

meaningful values from the table.

_________



173

For refractive index-

Wavelength Range Meaningful Estimated
(JAM) Decimal Place Uncertainty, ±

0.15- 0.21 2 0.02
0.21- 0.30 3 0.008
0.30- 0.40 3 0.006
0.40- 1.50 3 0.005
1.50- 8.00 3 0.006"
8.00-11.00 3 0.008

11.00-15.00 3 0.02
15.00-25.00 2 0.03

For dn/dT:

0.15- 1.00 1 0.8
1.00-10.00 1 0.6

10.00-20.00 1 0.8
20.00-25.00 0 >1

I

14

.3
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TABLE 86 IEC(MMINDIt) VALUES ON THE 9.iFIACTIVE INDICX AND rrs WAVELRNOTE AND)
TICUPERATUNE DIATlIVES MRN IbF AT 293 K*

0.150 1.75633 13.80295 3.60 0.270 1.43976 C.466.1 -7..k. 6.c 1.39!27 g.010eq -2.510.152 1.?34'.4 12.0919 ?tSft 0.272 1.41308S C.45294, -2.44, 6.720 1.31491 6.4173F *E.91
6.15'. t.70772 1..M28 1.68 0.27'. 1.43795 C.44102 -2.44 r.740 1.39457 0.91601 -2.51
1.156 1.60762 9.47116 1.6? 0.276 10,3776 0.42760 . D.?60 1.394627 1.01400 -2.61

.10 1.6171 8.4(6744 0.5c 0.278 1.43624 0.41567 -2.',% -.?80 1.31398 0.01372 -2.51

0.160 1.6536S 7,61443 0.09 0.2e0 1.43S42 0.404.21 -2.4f 0.800 1.39!72 0.012?5 -Z.51
0.162 1.b3917 6.86328 -0.25 0.202 1.43'62 C.3210 -2.4!5 0.820 1.3934. 0.01108 -2.510.16'. 1.c610 t.2!18* -0.9! 0.244 1.43355 C.!8?57 -2.4f 0.81.0 1.31321 9.01110 *2.s1
0.166 1.bl1,11 5.7021 -#.76 0.28 1.1$3309 0.!723S -2.45 11.163 1.39!81 811336 -2.51
0.168 1.643?0 5.Z2226 -8.55 0.288 1.43236 0.3(25? -2.45 0.86C 1.39282 0.881?. -2.51

0.170 1.59318 4.79934 -1.12 0.298 1.431bh C.35.3lI -?.4t 0.908 1.35283 4.01915 -2.51
0.172 1.5634? 4.42913 -1.26 0.212 1.4305 c.34.391 -2.4f 0.928 1.39M4 8.9882 -2.51
0.174 1.M745 4&.q24.3 -t.38 #.284 1.430.'? V.33!10 -2.'.i 0.940 1.39229 0.16813 -2.51
0.176 1.5*75? 3.75811 -1.41 0.256 1.42961 0.!l661 -1.46 0.960 1.39213 0.107b9 -2.51
0.170 1.56025 3.5ff8 -1.50 

0 2
C

0
s 1.42096 0.!1041 -2.46 0.180 1.351,18 0.03725 -2.s1

0.180 1.5534. 3.2650'. -1.61 a0.340 1.4Z033 I * 316 -2.46 1.00 1.3918* 0.006s1 *2.f1
0.102 I.1.708 3.07236 -1.73 0.385 1.42601 0.29149 -2.0#7 1.050 1.39182 48011, -2.51
0.104 1.541141 2.07f0* -j.7O 0.318 1.425S41 0.271.79 -2.47 1.100 1.39123 0.0014.6 -2.51
0.186 t.53557 2.6971#7 -1.05 0.315 10408 0.25906 -1.47 1.150 1.3s09? 0.0492 -7.51
0.188 1.53034, 2.53468G -1.10 0.328 1.412.2 '3 .24455 -2.40 1.200 1.39670 0.094460 -?.Si

0.15 1.52542 2.38584 -1.5', 0.325 1.42163 0.23115 -2.48 1.250 1.39052 0.00.11 -Z.s1
0.192 1.52070 2.E640 -1.59 0.130 1.420s0 C.21e75 -24 1.30C 1.09032 0.n330 -2.51
1.1940 1-51641 2.12403 -2.02 0.335 1.41914 C.20725 -2.40 1.350 1.390141 0.183!5 -2.11
0.196 1.51220 2.00917 -2.05 0.340 1.41043 0.19cf? -2.4e6 1.4.30 1.38997 0.001334 -Z.51
0.190 1.5083? 1.9c261 -2.00 0.345 1.4174? 0.08664 -2.4.q 1.450 1.38988 4.9016 -2.51

0.200 1.50467 1.803f66 -2.11 0.310 1.41656 C.17740 -2.49 1.500 1.3866 0.00301 -2.S1
@.2OE 1.50115 1.71213 -2.114 0.3!5 1.41570 CI 160? -2.4.5 1.550 1.*38900 9.002018 -2.51
0.2'.1.478 1.62736 -2.1t 0.300 1.4,1467 6.16671 -2.4 1.600 1.10363 0.00277 -2.S1
6.206 1.411464 1.15142 -2.10 0.365 1.414139 C.15318 -2.49 1.650 1.3891t 0.00268 -2.51
0.208 1.491l62 1.47500 -7.20 0.370 1.41334 C.14602Z -2.49 1.700 1.38909 0.00261 -2.56

0.210 1.48804, 1.460(!6 -P.22 0.375 1.41M6 0.13551 -2.41 1.753 1.3505t6.0.125 -2.50
8.212 1.48599 1.34254 -2.23 0.300 1.-O1155 C.13!30 -2.49 1.063 1.300*4. 0.002s0 -2.Ec
0.214 1.A4336 1.263 -2.21 0.308 1.4112q 0.12746 -2.49 1.654 1.30171 O.i002'6 -2.10
0.216 1.48006 1.22649l -2.26 0-390 1.41067 0.12157 -2.50 1.96 1.38859 0.08243 -2.56
0.210 1.47846 1.17391 -2.2 0a .399 1.41007 6.11681 -2.80 1.950 1.30047 0 .0 02 40 -2.50

0.270 1.47616 1.12433 -2.25q 0.400 1.40950 0 . 1110l3 -2.50 2.0 CC 1.36835 0.00239 -2.SC
0.Z22 1.4739t 1.07770 -2.3t 8.410 1.405063 6.10!10 -2.50 2.050 1.348t3 0.1037 -2.500.2Z4 1.47L04 1.0394 -t.31 0.420 1.40744 C496401 -2.50 2.103 1.30811 0.6023? -2.52
1.226 %.46982 0.922 -2.32 0.430 1.41653 0.189706 -2.504 2.110 1.30799 0.01236 -2.SO
0.228 1.4*70? 0.9!3tt -2.33 0.440 1.40560 G.081%2 -2.50 2.200 1.38708 0.00237 -2.SC

0.231 1.46600 0.91476 -2.3'. 0.450 1.40490 0.07161 -2.160 2.250 1.3877f60.90737 -2.60
1.232 1.46420 0.01191 -Z.05 0.6 1040417 0.07006 -2.611 Z.301 1.38784 0.00258 -2.5t
@-234 1.46247 6.111092 -P.35 0.47f 1.40345 0.0E68 -2.90 2.35§ 1.387%2 0.00239 -2.50
.2 36 1.146681 #80176 -2.26 1.481 1-418285 06127 -2.00 2.4o0 1. 30710 1.00 -2.56
M.t38 1.089LP 8.71681 -2.37 04 fk0 1.40M2 0.0,5732 -2.90 2.450 1.30726 4.4021t -2.50

1.240 1.45765 1.7596? -2.37 0.900 1.40171 6.G5371 -2.51 2.500 1.3871( 0.M643 -2.500.242 1.45611 .31 -2.36 0.810 1.4110 0.050401 -2.91 2.550 1.38704 0.00245S -2.50
0.244 1.45472 8.70773 -2.39 0.128 1.41070 0.04710 -2.51 2.600 1.30651 0.002486 -2.49
0:248 1.495333 1 88 23 .3 1.'.f024 0.445, -2.80 2.650 1:3:01 0.0Q250 -2.403.240 .45195 0682 -2.40c .54 139900 0.4203 -2.1 2.70 1.30666 25 z2 -2.9

0.258 1.4569 0.60850 -2.41 0.S90 1.39540 0.03966 -2.s* 2.750 1.386M4 1.00255 -2.49
0.252 t.4,894.3 0.81715 -2.40 0.880 1.39501 0.83740 -2.91 2.800 1.36041 0.68M5 -2.49
#.254 1.84*822 0.99760 -2.4.1 0.570 1.39064 0.035406 -2.81 2.850 1.38620 8.00260 -2.49
0.256 3.404' 0.57002 -t.41 0.Se0 1.39030 0.03350 -2.91 2.900 1.3618 0.00265 -2.49
6.250 1.441541 0.8610 -2.42 4.590 1.3974? 0.031041 -2.93 2.996 1.38982 1.80266 -2.491

8.268 1.44%4 0.54218 -2.42 0.600 1.5976f 0.13022 -2.81j 3.080 1.38580 0.10269 -2.49
L.22 0.433 0.212 -.42 0.620 1.62709 0.92731 -2.51 3.050 1.00579 1.1117M -2.49
6.264 1#4269 M$?03 -2.1 0.84% 1.3965 0.12406 -2.01 3.100 1.36!61 I.68179 -2.4590.266 1.414164 0.49 -2.43 06804 1.3%609 0.02288 -f.51 3.156 1.3954? 4.88279 -2.490.200 1.44471 0.48049 -2.%3 8.610 1.39966 1.1204t -2.1t 3.208 1.38833 0.80262 -2.40b
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TABLE so. RIXCOMMENDEI) VALUE 0O. TILE RF6kiA('T' LE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERWIATIES FOR RbF (cooL!!d)*

-dr44 du,/dT _ dm/tAL dndTx n a/k ftd10-4 K-' 1 10- 4 K, A - loA K-4

3. ?0 1.36513 0.06285 -2. 0 6.600 1.3710 .00643 -2.31, 12.600 1.31995 0.01176 -1.91
!.300 1.36530 0.00C29 -?.48 6.500 1.37175 G.C0062 -2.3S 12.600 1.31751 0.01760 -1.8p
3.350 1.38490 0.00217 -?.4e 6.690 1.1711' 0. CCEI -?.3q 13.000 1.31016 0.11224 -1.86
3.400 1.36475 0.00296 -?..8 b.700 1.37163 0. 0CC70 -2.36 13.200 1.!1268 0.00,49 -1.83
3.450 1.36461 0.00299 -7.48 6.800 1.37005 0.00579 -2.38 13.4.0 1.3101t 6.01274 -1.80

1.
5

0 1.38445 0.00703 -2.48 b.900 1.36947 0.CO08 -2.37 13.630 1.307608 001299 -1.77
3.5ro 1.3011 C. 017 -?.he 7.080 1.36658 O.0097 -2.37 13.806 1.30419t 1.113Z -1.74
3.600 1.36415 0.60010 -7.40 7.1to 1.36627 0.Coce -"Z.j 14.000 1.31M2 0.61350 -0.71
3.t50 1.36399 0.04314 -2.8 ?.too 1.3676 C.o0l15 -2.3t 16.Z06 1.299St 0.61376 -1.67
3.700 1.38363 0.00306 -. 48 7.300 1.36704 C.00f2S -2.31 14.400 1.29?78 0.01403 -1.(4

3.7S0 1.38367 0.00221 -2..7 7.400 1.36CL.1 C.C0 34 -2.3 14.610 1.29395 0.61130 -1.60
3.600 1.38351 0.60325 -7.47 7.506 1.36576 O.0Ot43 -2.34 14.800 3.2910( 0.015t -1.57
3.50 1.3833 0.00729 -7.4? 7.660 1.3513 .0C0152 -2.34 15.000 1.26612 0.61465 -1.!3
3.903 1.38316 0.0c733 -7.47 7.700 0.36467 0.00662 -2.33 1.2C 1.261SZ 0.01513 -1.45
3.950 1.16322 0.00!77 -2.47 7.600 1.36!80 0.00.71 -2.33 15.400 1.2820 0.0112 -1.45

1.000 1.16285 1.04 1 -1.47 7.900 1.36313 0.COt l -2.32 15.600 1.27695 0.01571 -1.41
4.060 t.38760 0.601,4 -Z.47 6.090 1.362.4 0.CCtS0 -2.32 15.80 1.27670 0.01600 -1.36
4.100 1.38250 0.00346 -?.,7 &.1Ic 1.617t 0.e099 -2.31 16.000 1.27295 6.6166 -1.32
4.150 1.38233 0.003!? -?.47 8.260 1.36104 0.00709 -2.31 16.200 I.Z65t 0.016O0 -1.27
4.00 1.38215 6.0356 -?1.E 8.300 1.360.]3 0.C0719 -2.30 1C..00 1.26591 6.41691 -1.22

1. ? 5 1.35197 600C300 -7.4t A.4C0 1.35qb1 0.00728 -2.n5 16.600 1.26264 0.01723 -1.17
4.300 1.36179 0.0070' -2.14f 6.507 1.35897 0.00?38 -2.29 16.600 1.2590 O.017!5 -1.12
4.3'50 1.3A161 0.008 -2.60 1.600 1.35613 0.C0748 -Z.20 17.000 1.25546 0.01787 -0.07
.400 1.38142 6.00?72 -2.4f .700 1.3576I 0.007-7 -2.27 17.200 1.ZS167 6.61520 -1.02
41150 1. 38114 6.00 !76 -2.1t 6.860 1.35f62 C. oe 7? -2.27 17.100 1.24662 0.01663 -0.9E

4.50 1.381 s 0.00 30 -?.4f 9.900 1.355 C . 00777 -2.2( 17.600 1.24416 0601687 -0.9c
4.5O t.36085 6.0!85 -2.4t q.000 13550 C . 0007 8 2.2 17.600 1.Zk.i0 0.1922 -0.01

6060 1 . 386( 60 .063111 -Z. .. 5 9.100 1.6.7 0.10797 -2.25 16.000 1.23677 0.01957 -0.7
4.6;8 1.38047 0.00!13 -2.65 9.760 1.35347 C.60007 -2.?h 18.Z00 1.2326 0.61193 -0.71
6.700 1.36027 0.003q7 -2.4S 9.366 1.352 0.00017 -2.27 106.00 1.2260 02030 -0.4

6.750 1.3803? 0.00601 -. 4' 9.400 1.3519 C.0 27 -2.27 16.0 1.2270 0 .020(7 -3.57
6.600 0 .17967 8.00606 -?. .' 9 . c0 1.15 13 C. 0'3 7 _?. 21 16. 400 1.226 6.02105 - 0.504.150 1.379E6 0.60.4 -2.4 ..661 0.3%1I .0o67 -2.71 19.000 1.2160t I.iz21 3 -0.6?
4.900 1.17946 0.60413 -2.64 9.700 1.36931 0 . 0 ' 7 -Z.20 19.200 1.21190 6.02163 -0 * 35
4.950 1.37925 0.00#18 -?.44 9.8c0 .31.645 0.0 -E7 -?.20 19.606 1 .20M$ 0.62723 -0.27

5.000 1.37934 0.00422 -?.64 q.q o 1.34750 O.Co7q - .1C q.6CC 1.20 00 o.0o20' -0.l
5.100 1.37061 0.00L.! -2.44. 10.060 1.31.69 0. 260 -2.08 19.600 1.1981.4 6.023 L -0.10
5.706 1.170160 0.0069 -7.44 10.20 1.3410 c.00,'0 -2.1t 20.000 1.19GI 4 9.023'.6 0.01
5.300 1.97'?1? 0.00667 -2.43 10.406 1.34300 0.0C30 -P-t ?C.502 1.16162 1.1Z659 0.23
5.606 1.177S #.#04!6 -Z.43 10.600 1.3Ps118 .CC SI -2.13 21.006 1.16124 0.0 57b 0.15

5.500 t.37641 0.00406 -2.13 0.8v1 1.319S0' C.CC17? -2.11 21.500 0.1S00 6.02700 0.7t
9.601 1.57b36 0.00471 -2.412 11.000 1. 337S 0.00,04 -2.0' 22.000 1.14223 0.60831 1.00
6.700 1. 37588 0 .00.62 -2.142 11.266 1.33526 0 .01c16 -2.07 ?2.500 1.012M3 0.62970 1.42
5.600 1. 3753 0.00 -2.1.2 111,406 1.33323 0.01036 -7.I 23.000 1.11262 0.13117 1.60
9.900 1.37690 0.00W9 -2.41 11.661 1.33113 0.01060 -2.03 23.500 1.010f4 0.13275 2.21

6.000 1.374%0 0.1f0C6 -2.41 11.Or. 1.320ao C.610P3 -2.01 .. o000 1.1797% 0.0344 2.6t
6.101 .3718 0.60506 -2.41 12.000 1.3766o 0.0110 -1.18 24.500 1.66200 6.03626 3.10e.2 00 1.37336 0.00525 -2.40 11.260 1.3145F C.01179 -1.5i Z5.000 1.04347 6.63071 3.71
0. 300 .17283 0.00 214 -2.0C 12.C06 1. .26 .CItt12 -1.1.

= For meamnful dt tmal places and ue~rtalatieS Of ta ualated v.lues un uiz tous wavelength romps, me* the tuk' 0 vuhection 3. 13,



176

LL
0

xw

Wj z/

L.- M

I -J

0 -1

-ii

Z U

0

- cc



AD-A128 887 REFRACTIVE INDEX OF ALKAL HALIDES AND ITS WAVELENGTH 3/3
AND TEMPERATURE DER..U S HERMOPHYS CAL AND ELECTRONPRPR EICOM NAA S A 7

UNCLASFE CIDS3 S907 -- 91FG72 N

mEmEEmmmEmmm

NEEL



11L6, 1.0' I~

1.235

11111 11.6IE

MICROCOPY( RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS 1963-A



~10

dn/dX OF
RUBIDNUM FLUORD RbF

0.1I

II
0.01

0.001/

0.1 1010
WAVELNGTHk./LmFICA



$ 178

I-4L

12N

00I I/U



1
I'79

J

dli

Uk

4 II
II

a
o U

ii!I iii
h.'It' 0

*1

*1

II
KJ 0

~ 
a

Um ~ -
ma

ha

I
II-

I
- 4'



18O
4

a3.14. Rbidium Chloride, RbCl

Rubidium chloride is hygroscopic and must be carefully handled to preserve the

surface polish. The tranmission region of RbCl is approximately from 0.18 to 40 pm.

The gradual decrease in transmittance at shorter wavelengths is due to surface scatter-

Ing that is caused by the roughness of the surface, and not to absorption or scattering

within the material itself [105).

The available data on the refractive index of RbCl is very limited; only three

reports were found. Sprockhoff [951, in 1904, was probably the first to measure the

refractive index of RbCl for three spectral lines (the C, D, and F lines), by the mini-

mum deviation method. These three values remained unchecked until Gyulai [271, in

1927, performed experiments for an extended wavelength region from 0.19 to 0.58 pa
by the deviation method at an elevated temperature, 321 K.. The accuracy of his mea-
surements is one unit of the third decimal place, but the reported values are given to

the fourth place for tabular smoothness. The refractive index for sodium D line was

remeasured using the immersion method at room temperature by Wulff and Heigl [871

in 1928, and the result deviated from that of Sprockhoff only in the fourth decimal place.

In addition, the temperature derivative, dn/dT, for sodium D line in the temperature

range from 296 to 298 K was determined, and a value of -1.0 x 10 "- K 4 was reported.

This value is obviously inaccurate.

The values reported by Gyulai 1271 were adopted in the present work to generate

reference data on the refractive index of RbCl. Since the data was obtained at a temper-

ature of 321 K, da/dT is needed to reduce this set of data to 293 K. No experimental

data n dn/dT are available to carry out the corrections, but our empirical findings

permit reasonable estimation of dn/dT for a wide wavelength range. Using the predicted

parameters in Table 5, the following dn/dT formula was constructed for RbCl:

2n -- 10.80 (n2-1) - 0.84 + 2.006 )4 + 186.32 V (49)

W£ (),2 - 0.02756)2 (V - 7368.51)'

where dn/dr is n units of 10- K-1 and ). in Ijm. This equation was used to reduce Gyulai's

data to 293 K.

Radhakriahnan [481 worked out a dispersion formula (shown in Table 62) expressing

the refractive indices of RbCl in terms of its characteristic absorption peaks, using Gyulai'a

data. The wavelengths of ultraviolet absorption peaks, indicated by his equation, agree

with the measured values listed in Table 3. However, no information concerning the

infrared absorption peak and dielectric constants was given. This leads to large uncertainties

iL
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in the long wavelength region. Since the wavelength of the fundamental infrared absorption

peak and the dielectric constants for high and low frequencies are now available (see

Table 3), a better formula of the Sellmeier type can be constructed, and the extrapola-

tion into the infrared can be carried out with less uncertainty. By using the known

parameters with Eq. (10), the least-squares fitting of Gyulai's data (reduced to 293 K)

• yielded a dispersion equation for RbCl at 293 K in the transparent region, 0.18-40.0 ym.

0.56600 X2  0.14493 X2  2.74000 X2
n2 = 1. 47558 + + + , (50)

X2 - (0.138) -2 X2 - (0.166)2 X2 - (85.84)2

where X is in units of jan.

Equations (49) and (50) are used to generate the reference data given in the table
of recommended values on refractive index, dn/dX and dn/dT. In this table, more dec-
imal places than needed are given for the purpose of tabular smoothness. In order to

use this table properly, the readers should follow the criteria given below.

For refractive index:

Wavelength Range Meaningful Estimated
(JAm) Decimal Place Uncertainty, +

0.18- 0.20 2 0.02
0.20- 0.25 3 0.005
0.25- 0.35 3 0.004
0.35- 1.50 3 0.002
1.50-10.00 3 0.004

10.00-21.00 3 0.008
21.00-40.00 2 0.02

For dn/dT:

0.18- 0.20 0 a1
0.20-30.00 1 0.5

30.00-40.00 0 2:I

Li Li - *
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TAA U. R1UCO6SICNI)D VALII3ON THE RZYMACTI?5 D1X AN4D ITS WAVBLU3M3 AM6
I33P33A21i3 nownaWJ3 r06 flbci AT See K*

A ~ -d~7. d(dT A-6/d?. db/ff -

6.160 1.9539# 11623117 36.13 0.383 1.54194 061236 -3.01 1.604 1.41361 6.6160, -3.63
0.16 1.61661 17.10419 1061 8.316 1.14491 0.97265 -3.01 1.666 1.631t 6.00911 *3.94
6.1614 1.88363 13.6866 ?.7 or 8.311 2.!4422 6.53f16 -3.33 1.135 2.6173 0.60663 -3.13
0.16 L.065? 12.6376' 5.72 0.319 1.9163 0.912 -3.66 1.166 1.348M 6.00703 -3.94
6.166 1.63316 16.6165 3.10 6.326 1.93920 06.1s -S.at 1.ase 1.36202t 8.81624 -3.63

0.166 1.6126 61763 2.31 0.325 1.M391 6.44276 -3.66 1.266 1.4di1716.66563 -3.63
3.162 1.79365 3.91333 1.06 6.336 1.!3#477 6.41M9 -3.61 1.300 1.331446 .60%96 -3.63
1.1111 1.77132 7.663 1.67 0.335 1.63271s 0.3116i -S.e6 1.3S6 1.48122 8.9643A -3.43s
6.193 736 0G~ .91498 0.42 1.336 S.93083 3.37126 -3.61 1.410 1.3616 6.06497 -3.16
6.198 1.75043 4.3266 -6.11 0.335 1.12903 0.26186 -3.69 1.496 1.663 6.60378 -1.44

0.26, 1.73832 5.79114 -6.1 0.366 t.!2731 0.!3239 -3.61 1.503 1.33061 8.0631 -3.14
. 1.72722 9.31330 -063 0.315 1.52570 3.1106 -3.64 1.950 1.46416 8.00312 -3.63

0.233 1.7166 14.91367 -1.21 6.300 1612417 6.2667 -3.664 1.66 1.444138 6.06206 -3.9#3
1.26 1.70793 3.66211 -1.52 6.306 1611171 C.296336 -3.61 1.351 1.6681 4.016? -3.63
0.268 1.0907963.23160 -W.7 0.376 1.613132 6.37163 -3.61 1.166 1.30060 4.66149 .3.14

6.2161.footage1.93123 -1.6? 0.375 1.126.il e.25735 -3.61 1.?56 1.47994 8.16233 -3.63
3212 1606266 3.326 -3.11 6.366 1.11675 0.241s -3.61 1.66, 1.1701 6.86216 -3.96

6.213 t.67601 3.46116 -3.36 0.301 i.!1756 6.23363 -1.62 1.66. 1.672r 0.00206 .6
6.216 1.0611 3.24t026 -3.33 61.318 1.91642 0.32266 -3.62 1.6.6 1.376 0416,5 -3.638
6.216 1.66261 3.66236 -2.67 8.365 1.!1933 6.21211 -3.62 1.660 1.37963 $.@#to$ -3.63.

0 .226 1.3536 2.36136 -2.6 0.366 1. 11421 0.203%3 -3.63 2.666 1.3763 6.686 -3.63,
#.let 1.6128 2.12167 .2.7? #-#if# 1.51233 6.18633 -3.62 2.866 1.4793S 5.66196 -3.6
6.124 1.03660 2.6773 -2.66 $.%I6 1.91065 6.17123 -3.63 2.166 1.37624 6.08162 -3.63
6.223 1.409? 8.40111 -3.6 0.3# 1.0691 6.15773 -3.61 2.139# 1.3616 6.1616* -3.S3
$.2t$ 1.3021 1.3219 -3.61 86631 1.10731 0.143696 -3.13 1.19# 1.47911 6.06151 -3.63

6.236 1.3316 1.46110 -3.36 6.356 1,90599 0.13466 -3.13 2.ll$ 1.371603 6.66136 -3.63
6.232 1.62740 2.046 -3.13 6.360 1.281169 6.12543 -3.63 2.360 1.01094 6.06131 -3.63

N.236 1:32331 1.67 -319 .7 1.66336 0.11G21 -3.13 3.366 1.37061 6.9613? -3.43
.236 .61 1623 -3 6.366 1.10230 6.11622 -3.93 t.466 1.47863 3.68133 -3.63

6.236 1.316 1.4140 -3.26 8.3608 1.66132 6.16667 -3.903 2.366 1.1006 0.66130 -3.613

1.3361 1.61213 1.3615 -3.33 6.500 1.16634 046430 -3.63 2.536 1.070 6.6012? -3.63
8.142 1.66473 2*1.0 -3.3? 6.511 1.49933 0.8334 -3.6 2.5l6 1.376S 1.60126 -3.13
9.2431 1.44547 1.9312 -3.36 6.516 1.49157 #.096S -3.6 2.36@ 1.3660? 08123 -3.63
6.233 1.141234, 1.966 -3.33 1.136 1.369777 6.6?76 -3.14 2.660 1.47851 6.16121 -3.63
6.336 1.69937 1.41443 -3.30 6.6316 1.36702 0.67313 -3.631 2.76 1.37645 6.46119 -1.43

6.250 1.56O 1.A6M6 -3.36 6.556 1.4631 0.060667 -3.63 2.763 1.4783q 6.66114 -3.93
6.252 1.9037M 1.3069t -3.6f 6.6 1.3963 8.633 -3.63 2.063 S.30433 2.48114 -3.13
6.253b 1.99109 1.36065 -3.53 1.576 1.316!1 C.16129 -3.13 2.650 1.471111 4.661111 -3.63
6.196 1.563 1.4,185 -3.50 6.666 1.6941 6.66763 -8.634 M.et 1.3ME2 6.6113 -3.63
6.363 1.9006 1.16343 -3.56 6.566 1.4366 G.6US6 -3.63 2.656 t17413 6.66113 -3.13

0.230 1.1833 1.1967 -3.361 6.6 1.69231 8.06192 -3.63# 3.968 1.90611 6.46113 -3.13
6.231 1.9911 1.11713 -3.62 6.611 1.49233 6.6373 -3.63 3.66 1.AMS3 6.8611 -. 13
#6143 1.67919 1.01032 -3031 1.030 1 .69166 6.6321 -3.63 3.1l$ 1.47716 0.6112 -3.63
6.203 1.67713 1.1661 -3.65 1636 1.3663 6.6333 -3.63 3.1 1.373631 3.68113 -3.13
6.363 1.57566 SA616? -1.87 1608 1.38991 1.63384 -3.63 3.266 1.1714 6.66111 -3.63

6.276 1.97311 9.17137 -36 l.t6$ 1.3623h 6.63171 -3.6 Se.s260 1.378 16911 3 .3
3.471 1.47126 6.63666 -3.61 6.716 1.3663 6.62916 -3.63 3360 S.AM77 4.64111& -3.S3
6.273 1.63933 6.60036 -3.71 1.7369 1.660#7 6.6271 -3.63 3.366 1.AM77 6.60111 -3.63
0.M7 to.63711 0.178% -3.72 0.768 1.36766 1.62351 -3.63i 3.36le 137736 6.66111 -3.63
6.276 1.556 1606693 -Sel3 6.70 1.316766 f.6tage .3.634 S.36l 1.37136 00112 -3.63

6.266 1.94,416 6.63337 -3.73, 6.066 1.6161 0.61097 -3.93 Moo6 3.37166 6.66112 -3.63
6.361 1.6326 8096 -3.6 #*.641 1.6626 10.1196 -3.63 3.516 1.3716 6.6113i -3.63
6.26 1.697 .F7337 -3.76 6*W3t 1.3667 6.666 -3.13 2368 1.37733 11.0911t -3.63
6.36 1.99944 6.7113 -3.13 $66 1.3653 0.6101 -3.93 3.AY6 A.3771 0.#0111 -3.13
s.2ls 1.1676 6071949 -1.77 6.ss$ 1.3063 6.6156 -3.63 3.766 1.4173t 6.6611 -3.62

6.29#0 1.101698 W.77 -3.76 @.901 1.6669 6.161 -3.63 3.766 1.317126 6.60113 -3.62
fell3 1.50613 6.36376l -3.76 6.616 1.34163 6.f61 -3.63 3.66 31 M 6.66113 -3.63
6.193 1.66176 6.03710 -S.76 #.636 1*.30336 6.*011 -3.63 3.856 1.371916 6.6115 -3.61
1616 1.19141 16444112 -3.66 1*"$0 1.36311 6.6103 -3.9 Sells 1647101 4404115 -3.63
639 1.60111 6.6611 -3.61 6.*"0 1.4337 6.1136 -3.63 3.651 1.37763 0.06116, -3.62
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TABUE Go. NU M NDL 3VALOWhON TNE JIF3AC71VZ DO= AND 1TS WAVRL3NOM AND

4.606 1.47466 6.66117 -3.62 46441 1.46977 1.1a210 -3.64 17.66 10434 11.90141 -3.46
* .890 1.47613 4.66116 -3.6? a.g84 1.46955 6.00221 -3.66 1?.G6S 1.43941 M.OM163 .66

4.116 1.4766 1.61161 -3.92 8.646 1.46932 0.662224 -3.66 16.106 1.4366 6.6661 .3.16
4.166 1.47664 6.66119 -3.92 3.716 1.46111 6.0226 -3.05 01616 1.434431 6.66611 -3.43
12 1.47671S 6.66161 -3.92 6.866 1.466 I.162 -3.61 18.6.1 1.1333 6.66186 -3.43

4.266 1.476 6.6121 -3.62 8.1 1.4636s. 6.66232 -3.66 16.80 t.43133 6.66632 -3.16
4.390 1.47662 1.58121 -3.92 9.666 1.460'.1 0.662341 -3.46 16.616 1.41121 6.11536 -3.36
4.366 1.167656 6.38112 -3.92 1.166 1.46617 4011623? -3.64 19.6I.U 1.111 6.10946 -3.31
4.1061 1.4768 0.6113 -3.62 6.266 1.46793 6.902116 -3.64 16.3660 10421641 0.03561 -3.31
4.450 1.41764%46.6114 .3.92 9.6 1.41676q 0.0643 -3.04 19666 1.42796 6.16661 -3.31

4.586 1.47637 6.101"6 .3.2 1.466l 1.4-6745 1.06245 -3.84 16.600 1.42162 6.66686 -3.31
4.566 1.47631 666106 .3.9t 6.616 1.44720 1.13248 -3.63 16.666 Witt"8 I.66616 -3.86
4.666 1.426 6.6612 -8.62 6.66 1.46199 0.06261 -3.63 26.606 1.42601 6.66664 -3.26
4.666 1.47616 6.66186 -3.62 6.M6 A.66670 Do.It213 -3.63 36.666 l.12166 6.64663 -. 93I 4.76 1.47612 6.66239 -3.62 61.616 3.46149 0.60256 -3.63 31.66 1.46161 6.66623 -3.16
4.76 9.015 6.66130 -3.62 9.966 1.4661S 0.10259 -1.63 31.666 S.A1M3 6.66641 -3.13
4.066 1.47691 1.16211 -3.61 10.666 1.44!93 6.C662 -3.63 23.11661.119 6.00464 -3.86
4.61. 4766AY92 01.612 -3.61 116.3 1.S4664 C.0227 -3.63 32.666 1.4064 0.605 -3.66
4.606 1.07566 6.6133 .3.61 16.466 1.46460 6.66273 -3.61 13.660 1.411100 6.6676 -2.63
4.666 1.4767S 6.60114 .3.91 16.666 1.46431 0.66276 -3.61 t3.616 1.601261 6.66736 -3.66

6.066 1.47672 6.66139 -3.61 16.666 1.44376 0.64264 -3.66 24.366 1.3676* B.06191 -2.76
6.166 1.47S59 6.66127 -3.91 11.666 1.4631? 0.60296 -3.16 24.563 1. 361S10 .8477 -2.711
5:1269 1.47549 6.06116 -3.61 11.261 1.4425q 1.16266 -31 25644 .36111 6.667664 -2.63
s.366 1.47131 6.60141 -3.611 11.416 1.46199 0.60361 .3.76 2S.666 1.36603 466623 -2.64
5.466 1.47617 6.60144 -3.91 11.611 1.46138 8.12!17 -3.76 26.666 1.36194 6.66046 -2.46

6.560 1.47502 0.66144 -3.91 11.316 1.44276 0.60313 -3.1? 36.566 1.37163 6.6664741 -2.36
5.660 1.4?482 9.1614S -3.61 12.616 1.4613 6.00316 -3.76 Mos06 1.37236 6.00661 -2.24
6.766 1.47473 6.661169 -3.96 12.260 1.46941 0.16334 -3.1S 37.606 1.36663 1.6126 -2.13
6.611 1.491 1.51123 -3.1 12.466 1.4663 0.638 -3.16 26.666 1.16263 0.66616 -2.611
6.601 1.47%42 6.6116 .3.66 12.601 1.06617 0.663 -3.14 28.166 1.396? 6.6096 -1.66

0.600 1.47421 6.611? -3.60 12.866 1.467?4 6.90342 -3.73 39.161 1.3S480? 1.81015 -1.75

&.16 1.47411 6.92166 -3.66c 13.666 1.06316 0.60248 -3.72 39.666 1.34061 6.81146 -1.t1
6:208 1.417396. 6.666 -3.91 13.366 1.06616 3.600!94 -3.P2 36.666 1.348111 $.stor7 -1.46
6.31: 1.47376 616 -3.60 13:406 1.4636 6.0366 37 36.566 1.336114 6.61116 -1.10

6.666 1.47324 1.10172 -3.6609 66 1.45311 0.66376 -3.66 32.606 1.33671 3.61315 -6.72
W.76 1.4to?316# 9.61167 -3.36 14.336 1.452I46 6.60366 -3.67 32.6 1.314654 9.61r$1 -6.56

6.1 1.10293 6.66317 -3.6' 14.481 1.45163 0.80311 -3.66 33.601 1.34416 6.61263 -6.36
6.961 1.47275 6.301166 -3.69 14.636 1.466841 0.1031? -3.66 33.661 1.30163 6.61332 -6.12

7.336 1.4726? 6.36162 -3.66 14.666 1.41604 6.66403 -3.64 14.666 1.29486 1.61314# 6.12
7.166 1.47236 6.661166 -3.66 10.666 1.44M13 .0616 -3.63 34.586 1.26166 3.61431 6.30
7.2o6 1.47226 6.66167 -3.66 16.366 1.44646 6.664,16 -3.63 86.666 1.2666 6.614631 6.65
7.306 1.01361 6.66166 -3.66 16.466 1.44160 6.01433 -3.61 36.666 1.37220 6.61669 6.64
7.466 1.041 6.6616 -3.66 16.406 1.46171 6.10426 -3.66 36.666 1.36666 6.616o? 1.36

1.6 1.44163 6.861M -3.66 16.606 1.45866 6.68436 -3.66 36.666 1.1566 6.61666 1.61
1.666 1.47143 6.8116? -3.36 16.01 1.44461 0.66443 -3.56 37.666 1.841411 6.61661 1.66
?.1# 1.44123 6.60266 -3.6? 16.366 1.44406 6.664461 -3.67 37.680 1.24W1? 6.61716 3.26
r.686 1.47103 6.66263 -3.67 16.406 1.41?7 6.14699 -3.61 36.6 169Ml 6.6177 r.66
7.966 1.47683 3.65366 -3.67 16.666 1.402G 0.46462 -3.94 38.666 1.38133 6.6143% 3.11

6.096 1.47063 6.66366 -3.6? 14.666 1.486131 0.66469 -3.63 3661.414 16164 8.411411 3.6
6.166 1.47841 6.60116 -367? 11.6661 1.44636 6.66476 -16 36.666 1.186S 6.61663 4.66
6.266 1.47026 6.66313 -3.61 17.366 1.43642 6.00462 -3.60 46.686 S.1 043716.6133 4.66
6.360 1.46166l 0.66216 -3.61 17.406 1.43646 .86 -3.46

b hi fe blo more deaOlm pima weo fetud ~avrad medy for tdo wins d ftbar amas~mem m od io~t
rot .muefthl deolmW *on and ame.din d tdntfd vahnbsi Is ariaus vame resme uso of of 609b90m S. 14.
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3.15. Rubidium Bromide, RbBr

Rubidium bromide is hygroscopic and must be handled with great care to protect

the surface polish. A plate of moderate thickness with properly polished surfaces is

transparent from 0.25 to 40 pom. Roughness of the surfaces causes a considerable de-

crease in transmittance. It is found that the gradual decrease in transmittance at shorter

wavelengths is caused by imperfection of the surface and not by absorption or scattering

within the material itself [105].

Only two sets of measurements were found in the open literature. In 1904,

Sprackhoff [95) measured refractive indices of RbBr for three spectral lines, namely

the C, D, and F lines, by the minimum deviation method. Thirty years later, Kublitzky

[501 used the same technique in measurements for more lines in a region from 0.219

to 0.58 gm' at a temperature of 308 K. The accuracy of his measurements is one unit

in the third decimal place, but his reported values are given to the fourth place for the

purpose of tabular smoothness. Scantiness of available data leaves us no choice but to

use Kublitzky's measurements as the basis for generating reference data. Information

on dn/dT is needed to reduce Kublitzky's values from 308 to 293 K, but it is not available.

This is not a problem, because we have found empirical parameters which are used to

construct dn/dT formulas, and have proved to give correct predictions, as is discussed

in subsections 3. 11 and 3.12. Using the parameter values in Table 5, we are led to the

following equation for dn/dT for RbBr at 293 K in the transparent region:

2n =-11.25 (n2-1) - 0.89+ 2.278 X4 + 191.52 * , (51)
(X2 - 0.03648)2 (X2 - 13062.20)2

where dn/dT is in units of 10- 5 K-1 and X in Anm. This equation was used to make temper-

ature corrections to the selected data.

Radhakrishnan 148] attempted to correlate the dispersion and absorption bands

by means of a dispersion formula and obtained an equation valid at 308 K, as shown in

Table 66. His equation yields wavelengths of ultraviolet absorption peaks which agree

closely with those obtained by direct measurements (see Table 3) but gives no informa-

tion concerning the infrared absorption peak. As a consequence, extrapolation using

this equation will be uncertain. We have constructed a better formula of the Sellmeier

type, which gives the refractive index at wavelengths beyond Kublitzky's work with less

uncertainty. Using the information in Tables 3 and 66, the input parameters for the least-

squares fitting were obtained, the result is a dispersion equation for RbBr at 293 K in

the transparent region:



1.45931+ 0.16301 X2 0.298410. 0.17198 X2

21.491++ 4-+
X- (0.123) 2 )8- (0.146) 2 2 - (0.155) 2

+ 0. 12186 ). + 0. 13039 ) + 2.520 X2

X2- (0.178)2 )L2 - (0.191)2 X2 - (114.29) 2

where X is in units of Pan.

Equations (51) and (52) are used to generate the reconmended values of refractive

index, dn/dX and dn/dT. In this table, more decimal places than needed are given for
the purpose of tabular smoothness. In order to obtain meaningful values from the table,

readers are advised to follow the criteria given below.

For refractive index:

Wavelength Range Meaningful Estimated
( Om) Decimal Place Uncertalty, A

0.21- 0.22 2 0.02
0.22- 0.30 3 0.005
0.30- 0.40 3 0.003
0.40- 1.50 3 0.002
1.50-15.00 3 0.004

15.00-30.00 3 0.006
30.00-40.00 3 0.008
40.00-50.00 2 0.02

For dn/dT:

0.21- 0.22 0
0. 22-40.00 1 0.5

40.00-50.00 0 Z1
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TABUI 63. I3COWNDCD VALUU ON4 TRlE REI3ACTWX~ UDS*X AND MT WAVELEIOTH AND
TEMPICRATtRE DEIVATIVES FM3 Ilb~r AT 163 KO

On IM- 106 K-4 on bw 4 10 -4PR 16 K4

6.1 192 4 1131 11.14 3.2, 3.19199 ".93"2 -4.46 1.75 1.S2343 6.01289 -4.49
:::1: 1935 1O2.2it 393 1.30 6.379 1.29617 9.374641 -4.48 1.666 1.5131 6.682064 -4.41
6.M1 1. O1292 10.79711 0. 34 9.305 2.26625 6.35571 -4.41 1.451 1.55316 6.61241 -6.41
6.215 1.69256 1.541377 1,.7% 0.310 1.56652 1.33663 -4.42 1.906 1.53366 6.16232 -4.49
6.216 1.67466 6.94914 3.17 6.395 1.16066 6.32266 -4.42 1.956 1.53216 6.662117 -4.49

6.226 1.65630 ?.?132W 2.414 6.486 1.96329 6.30770 -6.43 2.666 1.53264 6.66263 -4.419
1.22t 1.64366 7.66081 1.59 6.16 1.16635 6.16649 -4.64 2.656 1.53275 6.66191 -4.41
6.224 1.63624 6.41171 6.. 6.436 1.97716 6.25641 -4.44 2.168 1.53255 6.09t66 -4.491
6.226 1.41096 5.6147 6.36 9.436 1.17520 6.23573 -4.49 2.156 1.53254 6.66176 -4.49
6.226 1.69666 5.429179 -6.21 6.4461 1.!7294 0.21695 -16.46 2.266 t.!3214 6.66151 -46.489

6.230 1.79522 5.961 -664 .46 1.9786 6.26619 -4.464 2.256 1.53184 6.66113 -4.49q
.32176552 4.75 -1.6 6.466 t 1.!6693 6.14916 -4.41 2.360 1.53233 1.88146 -4.49f

8.234 1.77749 4.3f146 -1.33 0.478 1.!5715 0.17156 -4.4? 2.351 1.3322* 6.06139 -4.49
6.230 1.7596 4.47945 -1.61 6.466 1.!5549 6.1996 -4.47 Z.468 1.92219 8.90133 -4.40
6.236 1.75111 3.42103 -1.$[, 0.496 1.15395 0.14646e -4.417 2.456 1.53212 6.6612? -4.46

6.246 145S374 3.59617 -2.68 6.S66 1.!6292 6.134%1 -4.47 2.516 1.5326 6.66122 -4.46
6.M4 1.74a74 3.36766 -2.27 6.5*6 1.9611S 6.12941 -4b.48 2.556 1.53266 6.66116 -4.4
6.244 1.7461 3.19016 -2.85 6.520 1.15993 0.12111 -4.04 2.686 1.931941 6.461141 -4.46
6.245 1.73395 3.62453 -2.66 6.536 1.1586 6.11354 -4.46 2.56e 1.53169 69.61116 -4.46
1.2168 1.72667 2.ME34 -2.74 6.540 1.!5715 0.18659 -46 2.?61 1.53163 6.8816 -4.464

6.246 I.7224 W.1687 -2.67 6.556 1.55502 6.16622 -4.464 2.756 1.5314 6.61613 -4.46
6.252 10081 2.56375 -2.96 6.556 1.15565 6.69430 -4.468 2.616 1.53173 1.66166 -46.46
6.2546 1.71214 2.45677 -3.66 6.576 1.!5473 6.66696 -4.44 2.656 1.55156 6.6669? -4.94
6.256 1.?67341 2.36291 -3.16 6.566 1.55367 8.1639? -40.46 2.968 1.S3151 6.66195 -4.46
6.256 1.?9277 2.22525 -3.21 6.96 1.09319 0.8793 -4.41 2.951 1.53159 6.06692 -4.46

6.266 1.59646O 2.13166 -3.34 6.666 1.55226 0.17566 -4.49 S.866 I.53154 6.68696 -4.46
1.262 1.09422 2.1414 0 -3.41 6.06 1.15666 6.66743 -4.41 3.656 1.53156 6.66680 -4.4f
0.264 1.69123 1.991616 -3.41 6546 1.51054 6.#Goal -4.49 3.166 1.53145 6.0064? -4.41
6.250 1.646 1.67725 -3.54 6.06 1.54642 6.655641 -4.419 3.156 1.53143 6.66665 -4.46
6.2568 1.527 1.79T51 -3.59 6.066 1.54737 1.64'19f -6.4q 3.206 1.137 0.06881 -4.40

6.276 1.6792Z 1.72343 -3.646 W$@6 1.1414t 6.04055 -4.49 3.251 1.53133 4.0#902-.6

6.272 1.07584 1.556 -3.09 6.716 1.54555s 6.14163 -4.41 3.368 14t3129 6.66621 -4.46
6.274 1.67259J 1.59177 -3.73 W.40 1. 14475 6.93615 -4.49 3.390 1.!3129 6.66668 -4.46

M.7 1.64,147 1.931%4 -3.76 1.761 1.!i4462 8.13586 -4.49 3.466 1.53121 6.66679 -4.46
6.27 1.eG546 1.47406? -3.61 *.?6@ 2.943310 1.03230 -4.49 3.451 1.5311? 6.66676 -4.416

1.201 t.6635? 1.42989 -3.85 6.066 1.11#272 6.62562 -40.49 3.566 1.S3113 8.880Y? -4.48
6.262 1.066 1.36199 -3.66 6.616 t.!4219 6.62766 -4.49 3.556 1.53169 9.966 -4.41
I.P64 t.69809 1.32175 -3.91 6.646 1.54102 6.62559 -4.491 3.611 1.53165 6.66070 -4484
6.246 1.09541 1.27061 -!.If$ 6.606 t.24112 6.62378 -4.49 3.56 1.53161 6.6693 -. 4
1.786 1.65298 1.232%5 -3.97 6.666 1.54600 6.022141 -4.411 3.76 1.53696 6.6665 -16.46

6.296 1.55650 1.19126 -3.99 6.966 1.94624 6.62605 -4.49 3.75 1.53694 6.66674 -4.4
6.292 t.64621 1.15266 -4.62 6.96 1.9398%46.1129 -%.4l 3.666 1.53196 6.6964i -4.46
6.294 1.4995 1.11416 -4.614 $.%16 1.53940 6.61665 -14.49 3.658 1.530t 6.66611 -4.46
6.296 1.64375 1.6769 46 .1 15926661 -44 .6 .3636663 *4
6.296 1.64163 1646 -46 i.966 1.379 6.166 -4.411 3.95 1.367 6.673-.4

6.301 t.6399? 1.61265 -4.16 1.616 1.1364#6 6.61491 -4.41 #*.I6$ 1.5367(06.66673 -4.46
6.365 913416 9.91703 -4.14 1.O56 1.53779 6.61265 -4.49 4.656 1.53672 6.66672 -q.48
1.311 1.03616 6.67661 -4.16 1.166 1.53719 6.61110 -4.491 4.166 1.53661 6.0667 -4.464
6.316 1.62596 6.6162 -4.21 1.156 1.1316?16.66976 -4.49 b.159 1.5365 6.66672 -4.46
0.3f6 1.67M 6.75575 -4.241 1.266 1.53021 0.0665 -4.49 4.266 1.53601 6.66672 -4.46s

6.325 1.61642 6.76064 -1620 1.256 1.13166 6.16766 -4.41 4.256 1.53657 6.66172 -4.48
1.330 1.61581 06,616 -. 261 1.366 1.53545 6.66670 -%.%1 4s.366 1.0361b46.16673 -4.46$
6.335 1.01166 6.62161 -46.36 1.356 1.13513 6.61061 -16.69 4.394 1.03156 6.66672 -4.40
6. 349 1.609 8.56396 -4b.32 1 .466 1.53,4k4 6.665414 -14.4l &.404 1.56 4 .662 -4.46
6.345 1.66596 8.64931 -1s.33 1.4661 1.13456 6.66491 -41.49 1.498 1.53643 6.66672 -4.46

6:366 1:443711 .1792 -439 1.566 1. 1639 16.6164%45 -4.61 ##.See 1.5639V 6.66672 -4.4
I.f5 1.f67 666 -. 6 1.556 1.13413 6.8146 -4.41 4.551 1.536306 6.66673 -144

6.366 1.59639 6.4426 -41.37 1.666 1.13394 1.19M7 -4.49 4.666 1.53642t 6.6673 -4.46
635 1.69614 064377 -4.31 1.696 1.13376 1.11346 -4.49 4.06 1.5369 6.8663 -4.46

4 .7 l.59461 461469 -4.39 1.766 1.13366 6.6611S -4.4984 4.706 1.5361 4.16673 -4.461
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TABLE 43. UcOWKNDKD VAWU ON THE BEKACIV DOME AND rf WAVKLXIIO'fl AND
?EMPERATtUE DUNJATIVEU FMU MW6 AT IN K (eamm~iI*

OR b 4  6N-~OKp
4  104-

t..613611 0.66613 -4.986 11.206 1.92077 1.1033 -6.13 33.601 1.05157 0.6633 -5.65
4.601 1.6301 1.0,0474 -.. 1 14.096 1.1261 foists$ -4.43 24.666 1.41136 $.60*16 -4.63
4.018 1. 93614 I.S(674 -4.187 16.666 1.f2*13 6.6903 -4.4t 2 4.048 1.159116 4,0366 -4.60
0.190 1.53838 6.1874 -4.1 16.068 1.5335 6.31161 -..0 21.616 1.46941 6.00897 -3.17
4.991 1.53036 6.48074 -4.4? 11.0 1.1230710.1863 -40.42 Mass6 1.Ob6766 6.61636 -Se.51

1.664 1.536*3 6.66071 -41a.? &1.lls 1.12336 *.co11 -4.41 26.446 1.680p 6.00316 -3.51
3.100 10911195 6.96073 -4.47 11.463 Settles G.66146 -6.4t tb. 941 1. 6 180 9 .80305 -3.60
9.360 1.52536 6.1#66 -t.0 11.640 1.1221 8.611s -401 27106 1.196 1.64394 -3.61
5036 1.92904 6.367 -4.17 11.600 1.12248 3.06194 -1.41 27.666 1.10150 10612 -S.ll
1.1 1.32572 4.40077 -4.1? 2.046 1.12217 0.68190 -. 0 26.6 664.4 1.047144 8.04"14 -3.77

:.6 1.oy$6 3.637 -l 1 12.266 1.111of .60191 -4.1 *0. It# 1.4?177 1.0486 .3.73
3.66 03*37 6067 -007 12.19 1.12154 6.66163 -4.46 *5.66 1.17262 6.60431 .3.651

9.716 1.St2515 6.6610" -. 7 13.686 1.1211 6.191161 -1 21.366 1.47143 6.94464 -3.05I9.666 1.929,61 6.0661 -. 0 12.80?I 0Iag 1.1reas 6.0W16 -. 3a 30.660 1.tabu16 9.81004 -3.61
3.566 1.3*533 6.9662 -l.47? 13.006 1.9286 1.66176 -lb.35 36.336 1.46406 6.016 -3.36
6.068 1.92924 6.16083 -0.17? 13.356 1.12626 6.66171 -1.30 31.6Ill 1.46493 6.66176 -3.30
6.166 0.32516 6.91661 -1.47 13.449 &.miles 0.6017 -1.86 31.916 1.613 661487 .3.064
6.66 113M 66616 -4.4? 13.466 1.#11116 1.03*70 -4.8 3.80 St$ 1.1-5*3 fell##$$ -31

$6.366 1.051 6.66603 -0.47 13.066 1.11114 9.6181 -.. 7 3.166 1.49111b I,..6316 -.39
6.1 0.Srol1 5.06667 -4.47 14.00@ 1.1167? 1.6111 -4.37 3X166 1. 615 1 6.00321 -3.35

6.966 1.93663 6.60600 -h 11 14106 1.616*0 6.66167 -1.36 33.908 1.4193 0663 .3.83
6.6,01 1.32673 6.1866 -4.%t S410 .4 9 10 6els .6165 -5.08 3100" 1.66186 8.891149 .3.17

*6.730 1.92064 6.66691 -. 41l 14-6114 1.316 .1149$$ls -6.0 11.616 1.46M 0.00667 -3.15
6.606 %.State 6.0511 -6.14 14.606 1.9026 6.96151 -4.31 33.666 1.464161 6.3076 -3.60
6.906 1.526t .665 -4.44 1100 1.11606 $.06M -1b.30 3.306 1.4679 6.661 -3.56

7.66 1.3637 6.611 .4.46 13.366 1.1144? 6.36260 -4.3* 16.666 1.63pis 6.30333 -2.35
P.216 6.320*7 6.8915 -1.1 ISOM0 1.166 6.10361 -1.34 30.918 1.43161 6.00605 -3.61
7.106 0.32616 5666.1-.1 13.66 1.31361, 6.60167 -4.31 37.660 1.4311f 6.6633 -2.72e
7.3se0 S.9934 6.061? .4.41 89.898 1.11W* 8.0*35 -6.33 37.963 1.1661 6.666 -1.66
7.161 1.01196 6.066M -4.44 14.660 1.11ta1 6.66211 -4.38 30.66 1.11162 6.0666 -le1s

?.#go 1.32786 0.909 -t.46 16.336 101109 $.t621s -1.31 36.666 1.61611 61.106 -3.10
1.661 t.9*779 0.1661 -%. 11c 16.468 1.11" 6.6216 -4.31 35.686 1.1475 6.6#01 -3.30
?.766 a st M 6.1611 -1.15 16.406 1.0111 0.302 -0.86 35.306 2.131 466614b -2.21

.4 7.663l :.20 .61 6: h.1160 1.1311 6.44131b -1.36 *0.646 1.41161 6.90716 -2.16
6.0 .33 .615 -. 0 1.3 1.13162 le00lly -6.35 41.631 1.4402t @MM71 -1.51

6.106 1.62127 6.0166 -6049 17.563 1.31116 6.66238 -5.25 00.308 1.4006 8.60766 -1.75
6.106 1.321 6.0116 -6.60 17.666 1.1103 6.66336 -. #1 41.660 1.6097 0.06776 -1.66
0.366 1.217 6.a6so? -4101 017. 1.110113 6.033 -5.86 03.03 1.0197 0.079 -1.63

6.068 k.11095 3.6100 -. 13 1. 1.11911 6.65841 -.16 43.066 1.8051 @.6late -6.35

6.5006 96.116,6 $.MM1 -0.1 13.266 1.3176y e.0841 -0.36 58.66 1.206961 6.11603 -1.30
6.606 0.32673 06112 -4.01 11648 16.90119 6.086 -60.0 1160 1. 30671 4.1944 -1.65
We$6 0.01001 9.61118 -4.1 s6.es" 1.10619 0.03200 -0.00 44.044 1.325* $.#fear -0.50
6.636$ S.ella1 6.6113 -5.46 lo.s$$ 1960921 1.811396 -0.63 to.601 1.37805 6.60466 -6.76
$."I&Rse41100.4 1.366 6616 -. * 1.666 &103776 61."eel' -0.30 6.36 1.34,166 4.011166 .6.35

5.066 1.32627 1.61117 -0.44 MM30 1.60736 6.60360 -0.33 46.6se6 1.3631 4.09053t -90419
5.106 1.3216f 6.60116 -0.00 11.600 1.111673 6.61214 -03 4G.646 1.39083 0.03440 -. 301
5.336 1.32643 40.0133t -..0 1so0904,0 20 9 .14689$$to -6.2 07.60 1.3133 8.09911 -6.61
.66 1.JIM5 0.61611 -. 44 st.606 1.60067 0.03170 -08 01.066 1. 344113 4.91 . l.36

50.066 S.llars 0.632 -0.00 11.004 1.013 6.03373 -466 48.3. Of .36360 0.01416 5.01i

560 1,51561 8.0113 -4.46 390036 1.1374 6.03360 -6.15 50.606 1.33066 0.61146 6.60
5.60 96 1.23 .0108 -0.05 210 1.0611 6.0205o -0.01 05.000 1.33896 5.61005 0.66
5.76 1.586 60416 -0.03 31.360 1.6605 0.0385? -5.66 *509" 1.311461 4.0100 1.13
.0 0.98914 6.011? -0.03 83.0364 1.5553606.0860 -6.68 66.303 8.31 1.6010G 0.03
5.501 1089# .211 -6.6315 -. 3 83.106 1.015~ 1.0316 -t.16

ON on odds wave umad "neuw mo %wraui wo~f Saw~ m o lp~ al Id~ somulamn .
VW 1001101 084mad ON WO$*om how In o sublb lamp a A ad 60 di m.6rim
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all- 3.16. Rubidium Iodide, RbI

Rubidium iodide is the most hygroscopic of the rubidium halides and care must

be exercised in handling it to preserve the surface condition, which plays an important

role in its transparency. A plate of RbI a few mm thick with well-polished surface is

transparent from 0.25 to more than 50 sma. The gradual decrease in transmittance at

shorter wavelengths is due to surface scattering that is caused by the roughness of the

surface and not by absorption or scattering within the material itself 11051.

As with the other rubidium halides there are few data available; only two sets

of data were found for the transparent region, those of Sprockhoff 1951 (for C, D, and

F lines) and Kublitzky 1501 (for the region 0.25-0. 58 im). In the ultraviolet, Baldini

and Rigaldi [1061 investigated a narrow spectral region, 0.18 to 0.25 )AM, deriving the

optical constants of thin films of RbI from the reflection spectra. The wavelengths of

the ultraviolet absorption peaks derived from this work are inconsistent with those ob-

served for the bulk material.

Because of the lack of data, we had to rely on Kublitzky's data as the basis for

generating the reference data. The accuracy of this set of data is one unit in the third

decimal place, but the reported values are given to the fourth place. However, we used

the reported values in the data analysis. Since this data set was obtained at a temper-

ature of :309 K, the temperature coefficient of the refractive index is needed to reduce

the data to 293 K. Experimental values are not available. In the present work, values

of dn/dT can be estimated for a wide wavelength range, using our empirical findings

discussed in subsection 2.2. Using the parameters values from Table 5, a dn/dT for-

mula was constructed for RbI in the transparent region:

dn 2. 686 )4 169.92 X'
2n - = -12.45 (n 2-1) - 0.85 + + , (53:dT ()2 - 0.04973)2 (X2 - 17543.00)2

where dn/dT is in units of 10- 5 K "t and X in jAn. This equation was used to reduce

Kublitzky's data to 293 K.

Radhakrishnan 1481 obtained a dispersion formula (shown in Table 70) based on

Kublitzky's data. This formula gives the wavelengths of three ultraviolet absorption

peaks, which agree with those studied by Hilsch and Pohl 123 and Schneider and ' Bryan

1241 (see Table 3), but it gives no information concerning the infrared absorption peak

and the dielectric constants. Naturally, extrapolated values for the long wavelengths

as given by this equation have large uncertainties. It is therefore not an adequate for-

mula for a wide wavelength range. Using the information in Tables 3 and 70, the input

-
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parameters for the least-square fitting of the data to Eq. (10) were obtained. The

calculation yielded a dispersion equation for Rbl at 293 K in the transparent region, 0.24

*1 to 64.0 Jim.

n2=1.60563+ 0.00947X 2 + 0.01073.X2 + 0. 00136 X2  + 0.41864) 2

X2 (0.120)2 )2_ (0.134)2 X2 (0.156)2 X2 - (0.179)2

*(54)

+ 0.41771 .2 + 0.13707 X2 + 2.36091 X2_
-)2- (0.187)2 X2 - (0.223)2 ) 2 - (132.45)2

where 1, Is in units of #on.

nEquations (53) and (54) were used to generate the recommended values of

refractive index, dn/dL and dn/dT for Rbl. Since more decimal places than needed are

given for the purpose of tabular smoothness, readers are advised to follow the criteria

given below in order to use the recor.rnended values correctly.

For refractive index:

Wavelength Range Meaningful Estimated
(ion) Decimal Place Uncertainty,

0.24- 0.25 2 0.02
0.25- 0.30 3 0.004
0.30- 0.40 3 0.003
0.40- 1.50 3 0.002
1.50-20.00 3 0.003

20.00-30.00 3 0.006
30.00-50.00 3 0.009
50.00-64.00 2 0.02

For dn/dT:

0.24- 0.27 0 Z1

0.27-45.00 1 0.5
45.00-64.00 0 >

ki
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TABLE 67. RflCOMMZNDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR HIS AT 293 K

1.-4b/dx dAdT x n -dof/d) d/dT x 1 -dD/d)L dkA/dT

0.2%1 I.155043 17.7129 22.02 @-SOO 1.06102 0.23302 -5.61 2.608 1.6116 8.6816t -5.61
0.202 2.10267 15.14553 17.31 0.510 1.1677 6.216q7 -5.61 2.556 t.01%66 6.00150 *5.61
6.200 2.0411,0i 13.11129 13.11 0.520 1.016800 .20933 -$.(1 2.60 1.61396 6.00147 -5.61
1.2b6 2.0697t 11.61205 12. 34 0.530 1.0507? 0.18s07 -5.62 '.168 1.6091 0.66101 -5.E1
8.246 2.080792 10.3fl30 7.90t 0.5001 1.E5409 0.17(9 r -5.02 Z. 706 1.61384 4.811,34 -5.01

1.250 2.02013 1.311!3 6.1c 6.550 1.C5318 0.16592 -5.4!2 ?.756 1.613780 .89129 -5.11
6.252 2.01039 0.10012 4.57 0.5t0 1.157S 0.1951 -5.02 2.800 1.61271 0.61t2 -5.61
0.254 1.99416 ?.?4t?? 3.3? 6.570 10506 8.14f52 -5.62 2.856 1.6136S 8.89119 -5.01
1.256 1.97911 7.11712 2.2? 1.500 1.04664 8.13790 -9.62 2.906 1.01359 0.89110a -5.61

6.5 .9654 6.91006 1.00t 0.591 1.14730 0.1.3011 -5.02 2.950 1.61354 0.89110 -5.01t

0.200 1.95227 6.69125 6.65 0.600 1.thfa3 D.12260b -5.62 3.601 1.61306 0.6107 -5.01
0.762 1.90120 5.67114 02 0.02a 1.(0371 0.14S69 -5.03 3.051 1.01303 0.60103 -5.61
1.?64 1.93022 5.31714 -8.53 0.000 1.10l3 0.19075 -5.03 3.100 1.61330 0.84100 -5.61
0.200i 1.91995 0b.97376 -1.01 0.00 1.0915 0.08C19 -S.63 3.150 1.6133S 6.60097 -S.61
0.208 1.91630 0o.07375 -1.03 0.60 1.03805 C.C6069 -5.63 3.100 1.01320 0.00090 -3.01

070 1:98123 *a015 -ses?:1 0:.60 1::3652 0.07333 -5.63 3.250 1.61324 0.00091 -5.610:272 1.692064 4.1! 27 -2.11 0720 103!12 C0605s -5.E3 3.30 0 1.01319 0069 -5.01
0.278# t.86491 3.9z10? -2.01 0.700 1.63300 0.06113 -5.t3 3.350 1.601! 0.1006 -5.01
6.?7 1.67090i 3.72667 -2.41 0.7t0 1.03201 0.cs000 -5.03 3.000 1.01.11t 0.000606 -5.01
0.?78 1.6600 3.53720 -2.8t 0.730 1.03159 Q.C01S4 -5.63 3.050 1.01300 0.600802 -5.01

0.ra0 1.66270 3.30326 -3.09 0.00 1.0060 l.00'l -5.03 3.500 1.b1202 6.00680 -5.11
0.202 1.05622 3.212!1 -3.20 0.020 1.f2969 0.010M9 -5.02 3.550 1.602# 0.00079 -5.01

0.Z60 1.04990 3.6!!?7 :3.04 0.0 6000 0603 -5.02 3:000 1.01294 1.:0:?? -5.01
0.8 1639 .26 -3.59 d.60 102 '003 770 -5.02 3.0b 1.6291 6. 070 -5.61

1.269 1.8629 2.78062 -3.73 0.,860 1.02733 0.035C0 -5.02 3.710 1.(1287 0.10070 -5.01

0.220 1.03284 2.60603 -3.80 0.900 1.0206t 0.03204 -5.62 3.750 1.61283 1.88473 -S.61
0.292 1.62702 2.5'11 -3.9y 0.920 1.12E03 C.13C45 -5.02 3.60 1.61103 0.00072 -5.0
0.294 1.62202 2.001491 -0.08 0.9010 1.12544 0.02002 -5.02 3.650 1.6127t 6.00871 -5.40
0.290 1.61702 2.55053 -0.0? 0.900 1.E?489 1.42ffy -5.02 3.900 1.61273 0.06076 -5.00
0.790 1.A1322 2.t5792 -0.20 0.900 1.020137 0.02097 -5.02 3.950O 1.01262 0.004(9 -5.00

0.310 1.672 2.17679 -0.30 1.000 1.(2369 0.023004 -5.02 0.0 1.6120t 0.60000 -5.0
0.305 1.790004 1.97009 -57 1.050 1.12090 0.02023 -5.02 4.050 1.b1262 0.6000 -5.00

0:316 1:7:900161, -4:07 1:.10 1:21:0 017 -50 010 161259 *0006 -50
I.I15 1.0 1 .30 -0.7 9 1.15 10210 0.01526 -5.02 0.150s' 1.01250 0.600 -5.06,0103:~b :O :I

0.320 1 .772014 1.52165s -0.90 1.200 1.02039- C.01333 -5.02 .00 1.612S? 0.00006 -5.00

0.325 1.76910 1.01 -0.99 1.2!0 1.11971 0.1? -5.62 .250 1.01209 0000 50
0.3!0 1.7563 1:30121 -5.00 1.300 1.0191e 0.5o -S.E2 16.300 1.,12f 0.00,604 -5.00
0.335 1.72210 1.20623 -5.12 1.350 1.01666 C.0132 -5.0? 0.350 1.01203 *.6does -5.6
I6.341 1 .70627T 1.2lls09 -5.10 1.080 1.01622 0 . 0 M 5 -5.02 .400 t.1.240 0.00063 -5.061
0.34S 1.?0064 1.64935 -5.23 1.050 1.01163 0.00751 -5.02 0.050 1.61231 1.6006Z -S.60

0.3106 1.7357 0.26114 -5.27 1.500 1.(077 0.60679 -5.61 0.560 1.6030 6.00062 -5.60
4.145S 1.?3131 0.91220 -5.31 1.550 1.61715 0.0016 -5.01 ..156 1.61;30 6.80001 -5.00
6.360 1.??65606.001277 -5.30 1.660 1.11005 0.00500 -5.01 0.600 1.60r22 0.006 -5.10
0.102 1.?2238 0.21172 -2.37 t.090 1.1059 0.00512 -5.01 0.650 0.6te210 6.20061 ..
6.176 1.716004 0.70369 -5.39 1.700 1.61136 0.100t9 -5.01 0.780 1.01221 0.00000 -5.0

0.175 1.71071 O.7tO(? -5.02 1.750 0.01612 0.10031 -5.01 4.7S9 1.6121t 0.00061 -5.0
0.*360 t.71123 rf 0007 -5.004 1.000 1.61091 0.00397 -5.01 0.000 1.6021 0.000 -5.00
109 1.7#?92 0.64200 -5.61 1.190 1.01572 V.60!f7 -5.01 06.90 1.01212 0.86OLO -S.00
0.390 1.70079 0.660 -5.07 1.960 112 0 .00?40 -5.01 0.q00 1.61201 0.1000 -5.00
6.395 1.1162 0.57631 -5.42 1.250 1.01530 6.0021t -5.t1 0.9S6 1.616 0.6005q -5.06

6.00 1.69906 0.$4969 -5.56 2.06 1.1SI2
3  

6.C0294. -5.01 5.000 1.61263 0.000,9 -5.06
#.%f0 1.*4370 6.02050 -5.9? 2.600 1.41948 0.0275 -S.61 S.106 1.61127 0.6601!2 .. f
6.0251 1.61905 0.406 -5.50. 2.116 11025 0.002S? -5.01 5.206 1.61192 0.0669 -S.64
0.4130 1.6007 .002 .9!5 2.191 1.11483 0.0124t -5.01 5.360 1.6116 6.60059 -5.0,
$.000 1.60461 0.37970 -5.57 2.a00 1.C101 0.60220 -5.01 5.00 1.61100 0.00!9 -5.0

6..11.6" 21 0.340472 -5.56 t.211 1.41000 0.05213 -5.61 5.500 1.41170, 4.600! -. 0
1~6 .0,'311 6.31716 -5.56 2.360 fts 1.01 .0260 -5.61 5.400 1.61160 #.#66!9 -5.00

I Of I 1.0?36 0 .21to9 -5.19 2.330 1.11440 C.01111 -5.01 5.736 1.01102 4.00000 -5.06
0.4-60 1.66060 0.17616 .5.66 2.0640 1.01031 0.601600 -5.01 S.660 1.6169C 0.0001, -5.60

6.5 1050 .562 -50 200 1.1,122 0.16071 -5.61 %.111 1.61199 0.600 -5.0
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4 TABLE 67. RECOMMUENDED) VALUES ON THE REFRIACTIVE INDEX AND ITS WAVELENGTH AWL)
TEMPERATURE DERIVATIVES "O~ Rbl AT 293 K (ociinaed

a -dA/dX da/dT x -d/jL di/dT x-Bd iid

O.00 4.1~ 10-ooo -1 iw.gg n.O~ ;.M42 103K 10 a 1.17 1.0-35 K-.7

6.100 1.61130 0.00(1 -5.00 16.266 1.(81 0.60123 -5.0' 35.100 1.11660.00317 -47
6.280 1.61132 0.00011 -S.60 14.60 1.(0391 0.00126, -1.12 36.0 1.11314 11.003"6 -6.72
e.300 1.61126 0.20012 .59 116.610 0.41366 0.00111 -1.12 36.500 1.11133 0.06371 -6.60
6.400 1.61119 8.@C#(2 -5.59 16.800 1.(01411 0.0128 -5.52 *7.000 1.5J.941 0.003?8 -4.26

t.500 1.61113 6.00003 -.. 9 11.000 1.1!031 0.00130 -1.11 37.108 1.51716 0.00301 -6.06
lk.t00 0.61127 6.01018l -.. 9 11.200 1.(8289 0.10132 -5.51 38.000 1.!460 0.003s] -6.&,6
6.700 1 .b1131 0.4FlEt4. -S.SS 15.600 1.102b2 0.05133 -5.51 10.100 1.54361 0.0060.1 -6.1
6.000 t~o1096 0.80064 -S55O 15.600 1.(023E 0.0013S -5.11 19.110 1.54150 0.00608 -6.6?
t .900 1.bOOO 0.000C5 -5.19 I5.000 1.10200 0.50137 -50 39.100 1.53I53 0.004#16 -#.fj2

Y.000 t.61081 0.005 -S.99 16.000 1.00161 0.01130 -1.11 40.010 1.5173 6.00426- -4.37
7 o I .1075! ,.01007, S5S5 16:2100 1.001 1 4.011 -1.50 61:.16 ::11!21 01142 :-:32

200 1.61be 00C0f6 -5.19 616.6 1.0126 1.0013 15 10:0 1.3)11 0060 6.20t
?.360 1.A1061 0.01C07 -9.19 16.606 1.110091! 0.00141 -1.6s #41.508 1.100 0.04441 -4.21
7.660 1.61055 0.00009 1b5@ i.800 1.410067 0.00166 -1.61 42.010 1.12063 0.0049? -6.15

?.50C 1.6104t 0.30066 -5.19 17.060 1.f00'? 0.00148 -1.60 42.1116 1.12432 0.00606 -61.05
7.600 1.61441 C.00009 -5.55 17.200 1.6000? 0.00110 -1.6 63.040 0.§2307 0.60676 -6.03
7.700 1.610364 0.01;070 -5.59 17.410 1.!9977 0.61M -166 43.91 1.52157 a.08483 -3.06
7.800 1.61027 0.00070 -9.94! 10.600 1.!9947 0.00116 -6.67 44.1801 1.1013 0.006593 -3.00
7.904 1.61020 0.00071 -S.159 17.880 1.!9910 0.6106 -1.67 44.168 1.11,469 0.00562 -3.12

e.000 1.61013 0.600072 -1.16 10.060 1.!98814 C.001!8 -5.47 45.006 1.91611 0.011 -3.0$
9.103 1.421030 0.01C72 -s.Se 10.200 1.598953 0.00166 -1.601 6.100 1.51106 0.011 -].to
8.280 1.60999 0.0673 -5.18 18.400 3.S9820) C.90111 -9.40 646.100 1.16091 0.005:1 -3.10
4. 360 I.C494qi 0.00076 -5.10 16.600 1.!9?80 0.00163 -1.61 616.506 1.1423 0.00141 -3.02
8.640 1.60906 0.00074 -5.58 18.600 1 .!97 5 S 0.00105 -1..65 47.0 .10I631860.00511 -3.66k

0.500 1.60970 8.04C75 -5.19 19.000 1.S972? 0.0016? -5.61 607.100 1.50072 0.64161 -3.36
8.be@ 1.65096l 0.0076 -5.50! 19.200 1.!9686 0.06169 -1.664 60.600 1.69709 0.00572 -3.26
8.700 t.6401 0.0168? .5.56 19.600 1.Sllf16 0.06171 -0.66 60.106 L.6910*1 0.002 -1.17
0.660 1.6091S3 0.600877 -5.50 19.600 1.S9020 6.00173 -1.63 4S.811 1.4921? $.00593 -3.67
E.900 1.609..0 0.00078s -5.16 t9.060 1.!9585 0.00170 -.. 3 69.10 1.607 0.00604 -2.9?

9.1068 1.60936 0.00079 -5.50 20.010 1.!9!90 0.C0177 -1.63 51.100 1.6642 .06616 -2.06
9.100 1.66900 0.00080 -1.50 20.56 1.!9660 0.0616? -5.6*1 10.560 1.4829t 0.0062? -2.76
9.200 1.60922 0.10010 -S.56 21.810 1.09360 0.0010? -1066 51.000 1.67971s 0.006*0 -2.66
9.0080 1.60914 6.0001 -5.18 21.500 1.50273 0.0112 -1.39 61.10 1.47 12 6.1662 -2.53
9.600 .60o106 0.0669? -5.17 22.666 1.!9176 0.6619? -5.36 12.060 1.657323 0.00666 *2.41

9.160 1.b8*97 0.01803 -5.17 22.500 1. 19670 0.06202 -5.36 52.566 1.4661 0.006?? -2.20
9.600 1.6081 0.006 -5.5' 23.016 1.50976 6.0021? -9.31 S3.06 1.460 0.00610 -2.15
9.780 1.b601 0.10684 -1.17 23.560 1.!8669 0.612 -13 S3.18 1.4620 0.00703 -2.02

9.00 1.002 .068 -5.17 26o.000 1.!6762 C.60210 -1.32 16.000 1.61"1466 .06710 -1.00
5.6 1.66 0.06006 -1.17 26.500 1.50611 C.90223 -5.31 1610 1.61002 0.00730 -1.?]

10.r00 1.64655 0.0000? -5.17 21.000 1.!8939 0.60220 0.2 . 006 1.0 1 .007664 -1.10
10.201 1.b637 00068 -1.57 ?$.M0 1.!6423 0.102361 -1.27 11.51 1.66030 0.06759 -1.4t
11.400 1.611610 6.01910 -9.57 ?6.000 1.!83#9 0.60I230 -1.20 56.000 1.1414115 0.607761 -1.26
10.600 1.61001 0.60002, -5.4t ?$.fog 1.166o 0.00245 -10 16.000 1.60664 6.00709 -1.00

10.600 1.60703 0.6003 -5.11 27.111 1.!8860 0.00266 -1.26 $7.0 1.44361 0.0600 -6.12

11.060 1.60764 0.60011 1S.1 27.966 1.!7933 6.60156 -6.20 57.16 1.638606.80826 -0.73
11.206 1.6076510.66007 -1.10 10.16 1.57066 0.60062 -0.16 10.060 1.60664I 6.60*6 -0.3611.46 0.66721 6.66400 -1.1t 20.580 1.57672 0.0166 -5.04 00.91 1.42483 0.110814 -0.3111:608 1.605 ::.6t1I3 -55 ?9.0 1.S553 0.60273 -1.16 9.6 1.61103 0.60670 -6.16
I1.666 1.606 "S 66112 .5.55 2.160 I S 1796 0.06270 -1.11 MS.G0 1.61003l 6.00008 1607

I17.600 1.60070l 4.6111 -9.65 31.060 1.!6166 0.66200 -1.06 61.606 1.6004 6.60063 0.7012.606 1.60601 6.6169e -51.64 1.566 1.5611 6.119206 -0.01 61.506 1.30704160.06963 1.01t2.869 1.01"1 0.66110 -5.06 32.666 1.!6662 6.06316 -6.00 62.06 1.1217 6.66063 1.21'

1 Go0 1.034 6.61, -1 33.0 1.063 6.62 -60 3.061 1.3081460.0101 1.02
1360 .66111 0.60116 -..3 33.16 1.16182 6.60331 -6.00 63.100 1.37696 0.016 2.11

13.666 1.6600 6 .01117 -5.63 36i.660 1.61 06.00236 -6.06 64.61 1.37167 6.111 0.60
13.00 1 .61465 0.11~ -1.93 314.16@ 1 .!5066 6.00363l -6.63

In this table more decimal places are repOrted t'hn warranted merely for the purpose of lhiaaar weisiose sai Ilaecool oomwm.
Fo~r mamningfual decimal places and uncertainties of tabulated valuen in various wave~ioih ramps, see the teg of a6bectlOs 3. 10.
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3.17. Cesium Fluoride, CsF

The refractive index of CsF for a single spectral line, the sodium D line, was

obtained by Spangenberg [451 using the immersion method. He gave two values for n,

one for a-CsF, and the other for O-CsF. The fact that there is one measured value of

n only for one wavelength does not prevent us from making a reasonable estimate of the

refractive indices for a wide transparent region because there exist known property

parameters intimately related to the refractive index, enabling us to make the necessary

calculations. Using the values from Table 3 and the available a:

to = 8.08,

CM = 2.16,

XU = 0. 121 jn (averaged value of 3 peaks),

X =78.74 ism,
and n = 1.478 (of ot-CsF), for X = 0.5893 jsm,

the adjustable constant A of Eq. (13) is found to be 1. 60. This leads to a dispersion

equation for ot-CsF at 293 K in the transparent region, 0.15-30.0 aM.

0.56 X2  5.92 X2n2 = 1.60+ (55
X2 - (0.121)2 )2 - (78.74)2

where X is In units of pam.

If we used the refractive index of P-CsF, the value of A would be negative, which

is not an acceptable solution.

No experimental data on dn/dT are available, but our empirical parameter values

in Table 5 were used to construct a dn/dT formula for the transparent region:

dii 1.__42_X4 296. 00 X12n - = -9.60 n2-1) - 2.54+ 1"42X' + 29600_ ,56)

(3 - 0.01850)2 ()L2 - 6199.99)2

where dn/dT is n units of 10-5 K-4 and X in pn.

Equations (55) and (56) were used to generate the recommended values of the

refractive index, dn/dX and dn/dT for CsF. As noted, these equations are based totally

on the available data on the thermal linear expansion, dielectric constants, the wavelengths

of absorption peaks, and our empirical parameters. As a consequence, the accuracies

of the estimated values are governed by the uncertainties in the above mentioned para-

meters. The following criteria are recommended.

Dow
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For refractive index:
Wavelength Range meaningful Estimated

(Wi) D)ecimal Place Uncertainty, +

0.15- 0.19 2 0.02
0.19- 0.30 3 0.008
0.30- 1.50 3 0.003
1.50-10.00 3 0.006

10.00-16.00 3 0.008
16.00-30.00 2 0.03

For dn/dT:
0.15- 0.16 0 a
0.16-22.00 1 0.5

22.00-30.00 0 a
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TAUS ?I. RECOOMMENDED VALUSU ONl THE RE9rRAcT3V& UE AND JTO WAVELEgAM AND
TEMPERATURE DERVAIVES PONa Cm? AT us1 K*

S T-ft/d. d/or I -bM/d do/dT
OR4 4 10- 4 K-4 a- K-4

9.196 1.7606 11.1114t S.04 8.270 1.9iiq 8.43c17 -.. 1 6.766 1.4y§39, 6.61797 -4.10
6.151 W67oo" q.43716 3.50 6.272 1.'11 0.4.1791 -4.12 807* 1.47609 4.81624-.i
I6.154 105602? 8.0108 1. q? ge.81k 1.11 6..6613 *'..11 60746 1.417471& l.6laq6 -4.17
0.196 1.73369 7.1s91b40.61 6.276 1. f14 Z a6.3900 -4..11 0.79 1.06691 0.61383 -0.17
1.196 1.710,s1 .17319 -0.64 6.274 1.113%4 1.36394 -9.12 a.?$$ 1.47419 $.01201 -4.07

011.1 3 0.Ij .4#926 -0.72 9.800 1.117103.3734.6 -6.13 0.6a6 1.4739%. 6.41191 -4.17
6.168 1.61316 #.sty1e -1.2k 6.262 l.V1269 6.034341 -9.13 C.422 1.0.371 61190 -4.17
0.164 1.06146 5.3113 -1.at 1.204 1.11133 6.15371 -4.13 0.04.1 t.41F214 4.01033 -is.17
6.166 1.01 6.00111 -tell 0.1 86 1.9113 1.438 -64S Nest 1.167336 S.64966 -4.17
0.160 1.66241 6.4(of106 -2.27 I -til 1.9995 0.335341 -4.11 0.409 1.4.7211 0.60910 -4.0?

600, 1.6S3764.1.~ -1.5c 6.296 1.I6921 0.12672 -4.14 0.900 1.4.723 1.00610 -4.17
6.0f1 1.64501 3.03,40 -8.69 6891 1.1869 W.1836 -14.14 6.926 1.4.70?? 6.8606 -4.17
01. 1.6344 3.6360 -2.60 I.214 1.16602 6.31629 -4.14 6.9410 1.4.7161 0 .04 -4.1S ?
6.176 1.63113 3.31479 -. 19 6.2q6 1.1674.6 4.39291 *4.14 0.960 1.4714. $.#grit -4.0?
0.106 1.42913 3.61011 -3.11 $.&Is 1.90601 1.29504 -4.14b 0.980 1.4.7233 8.66674 -40.17

6.160 1.61915 2.49817 -3.02 6.360 1.!9622 8.28774-14 1.066 1.4.726 4..063S -4.01
6.&62 1.61356 1.76719 -3.31 6.309 1.18453 6.8786 -4.14 1.650, 1.47*90 0.0056* -4.17

6.16 1.64631 2.54.459 -3.31 0.310 1.90191 6.29496 -. 5 1.100 1.0.163 6.9568 -4.1?
0.1#6 1."0331 2.30009 -3.46 8.350 1.91220 1.2446419 -f4.16 1.150 1.4.7140 6.604419 -4.1y
6.16 1. "679 2.24.99 -3.12 6.326 1.10111 6.22714 -4.15 1.260 1.4.7116 6.0407 -4.1?
6.196 1.99438 f.11 -3.07 0.32689 60 0.21695 -4.15 1.144 1.017911 6.66372 -4.10
6.119? 1.50159 .9613 -3.61 0.338 1.44997 0.1327? -##.1t 1.306 1.4761 6.00310 -4.17
1.11% 1.66356 1.7904.9 -3.76f 1.34.0 1.4.1703 0.10271 -4.10 1.34 10064 6.031? -4.1?
0.1906 1.97110 1.703,09 -3.74. 0.140 1.497014. .172741 -4.10 1.4.56 1.04769 0.66297 -16.1?

6.166 1.s904 1.61329 -3.7#4 6.316 1.1491929 0.17374 -9.16 1.6 1.4796%10.18602 -4.1?

6.262 1.5026 1.6121 -3.60 0.393 1.4.9449 6.16721 -4.1f 1.506 1.4.06 6.06292 -4.17
0.242 1.9760 1.18400 -5.6* 0.366 1.4.9372 6.I14. 41 1.0 1.46914 6.662.0 -4.17
6.299 1.%%$0 1.3410 -3.65 6.319 1.4.9299 1.141279 -9.16 1.696 1.46"s046.062332 -4.17
6.266 1.9640 1.3316%7 -3.67 1.31 1.4.9229 0.13324. -4.16 1.76 1.1447 6.00229 -4.17

1.210 1.9618 1.3307 -3.09 6.379 1.4.1192 0.13(24 -4.10 1.75 1.469t16.0112 .6.1y

6.212 1.95961 1.21486 .3.111 6.306 1.8119091 6.120639 -4$.16 1.066 1.4.6962 0.60214 -4.16
1 .214, 1.9004 1.16139 -3.92 6.305 lt4.IOO 6.1109* -4.1? 1.090 1.46949 1.18201 .41.19
0.216 1.15W1 1.11106 -3.94 6.310 1.46966 6.W134 -16.17 1.ell 1.04131 0.9420 -4.1%
6.216 19219 1.0980 -3.95 6.391 1.489126 6. 10964. -4.17 1.151 1.46911 06203 -16.1%

6.226 1.55610 1.06117 -3.17 1.400 1.46071 6.10492 -4.17 2.606 1.4.6901 0.66206 -9.16
0.22 1.94610 0.91901 -3.90 6.16 1.4.6771 0.61921 -4.17 2.696 1.4.6099 6.66191 -4.16
0.2241 1.9460 0.94641 -3.99 0.426 1.4.66 06.60679 -4.17 2.160 1.4.069 06419? -4a.16
6.0t6 1.946319 6.90 -4.66 6.436 1.4.6513 0.00112 -4.0? t.1ls 1.4600 0.0611 -4.19
6.228 1.91297 0.04916 .4.01 0.440 1.4.0514 6.1613 -4.1 2.200 1.4.6678 6.61190 -9.16

0.236 1.516 6.6324t -4.62 6.4.96 1.4.6448 0.67672 -4.17 2.190 1.40066 0.06196 -9.16
6.031 1.93920 0.8660 -643 64.61 1.46272 0.06508 -4.47 2.300 1.460418 0.60196 -41.16
0.234 1.93704 0.77666 -48. 8.409 1.030s 0.9136 -4.1? 2.396 1.64466 6.661l$ -9.16
3.236 1.13612 6.76746 -4.64 6.400 1.4.624.1 6.69733 -91.1 2.460 1.46031 6.60197 -4.16
1.236 1.93469 6.7161? -4.65 4.49 1.4.611640.61365 -4.1? 2.491 1.46011 0.00190 -4.16&

0.240 1.03323 0.110 -40 1.510 1..14 .6,626 -4o.17 2.900 1.166611 6.6199 -91.10
1.042 1.93167 5.67613 -4.66 0.916 1.4.6693 0.047191 -4.17 2.956 1.44001 0.6er$6 -4.16
60444 1.53699 .64019 -4.67 6@414 1.4064?r 604436 -4.17 2.600 1.6691 0491291 -4.16
6.24.6 1.18 .t9 -4.47 0.6*0 1.4.0004 0.4176 -4.17 Pelee 1.44701 64003 -4.16
0.24S 1.5204..006 -4.60 0.19 1.4.79641 0.03936 -4.17 0.706 1.4.6376 6.66060 -k.16

6.256 1.5240481lses 6.9002 .41 4.510 1.47920 6.03714 -4.17 1.73 1.40790 0626 -4.19
6.251' 1.02009 0.teps# -4.09 0.960 1.41199 6.63916 -9.17 Sel66 1.49790 466020 -4.19

6.254 1.52457 0.94.91 -9.69 0.970 1.4.7019 6.63323 -41.17 fell6 1.4.6739 6.00116 -4.19
696 1.42344 6.93063 -4.69 6.6 1.47023 0.63140 -4.17 c.960 1.40412 0.#*fit -4.11*1 .296 1.12161 6.51911 .4.16 0.990 4.77?92 t00*90 -6.17 roofs 1.4610 14046114 -4.19

0.166 1.12143 0.4.9974 -4.16 0.666 1.47793 1.62030 -4.17 3.666 1.46?7 6%sell? -0.11
0.802 1.920110 0.41440 -4.16 9600 1.67769 0.0tle7 -4.07 se0l0 1.4,097 0.*Hi .4.11
0.864 1.01949 0.47004 -0.11 0.040 1.47661 0.0*319 -4.17 8.166 1.44600 0.00880 -4.09
0.269 1tons$? 90496 -4.11 1666 1.4.761406.02111 -4.11 3.196 .004 066424 -4.1s
2 .266 1917067 64409 -4.11 @.Get 1.0976 061O1O9 -4.10 3.160 1.4068 softest -4.10
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TASLZ It. 3ICUMENDCD VALU3O On THE RErRACTIVE INDEX AXD 176 WAVIEKHN(1 AND
TEMPERATIUE DISMATIVER K5R Cat AT 316K (soiui)

k a /& Ad a -dk/a te _4/4 'Tei p1 0 K i Ip5to'Aon0- 10-
4 K4

d

3 2s 1.466112 4.04124 -4.1f 6.766 1.,09 0.10466 -6.02 13.600 1.4666 6.o6696 3i.et
3.396 t.66416 6.63111 -14.1f t.016 1.4549#1 0.00,45S -..6t 16.600 1.46242 6.81617 -3.16
3.396 1.66116 6.62 -%.IS 6.460 1.65600 4.1#62 -b.06 18-260 1.463? 4.4103S -3.16
1.411 1.4461a 1.60117 -4.1! ?.Sol 1.0536t 0.00469 -64.86 16.660 1.16 6.818!3 -3.S5
1.690 1.16665 06691 -6.1 7.110 1.4 531! 1.141476 -6.0! 16.666 1.311116 1.01071 -1.53

3.960 1.6993 6.1084f -6.14, 7.166 1.652P67 C .C0483 -6i.55 16.660 1.48.116 .189# -3.91
3.506 1.61561 6.46385 -4. L4 7.311 1.6521I a05.0666,0 -64.661 15.0 1.34106 0.41166 -3.49
3.600 1.06,69 6.60246 *6.1% 7.444 1.45169 I.6049? -6o.66 19.205 1.36"1t 6.41127 *3.6
3.650 1.666i 6.6306 -%.1 I t 7.1## 1.46119 V. post0i -65.661 IS1* 1.36719 0.61166 3S.66
3.708 0.663 0.0113 -61.16 7.666 1.65668 f.10911 -6.97 15.699 1.30696 6.1185s -3.41

3.796 L.46431 4.66296 -4.160 ?.?is 1.4640t 6.600!1a -63 15.660 1.38263 161185 -3.30
3.060 1.465t916 .06269 -6.16 7.406 1.16466 5.012 -6.60a 16.00 1-.34826 6- 12646 -3.31
3.616 1.697 6.6124C -6.16 ?.M0 1.44911 0.00932 -64.60 16.200 1.37761 6.0 122% -3.33
3.161 1.%66aqz 6.1665 -6.14 4.666 1.666S58 0.69S39 -6.62 16.400 1.379331 4.612446 -3.3t
3.ISO 1046476 6.09606 -6..14 0.166 1.44804 0.61!% -#).01 16.606 1.37263 6.61,28. -3.2?

6.666 1.4665 6.06271 -6.16 6.200 1.44769 O.6C1596 -60.02 36-866 1.711 1.0 12 C -3.26
6.656 1.464991 6.61*7 -6.11 6.366 1.64643 6.03561 -6.6 07.606 1.36765 0.213L6 -3.21
6.161 1.4643? 6.60277 -6.13 .6 1.06636 0.608E -6.664 17.206 1. 3618# #.01327 -3.1e
4.1ISO 1.46626 #.for$$ -61.13 $.M6 1. 6576 O.66176 -3.99 17.6 1.36219 8.11348 -3.14
4-.208 1. 1609 6.66363 -6.13 6.666 1. 10#21 0.053 -3.66 17.666 1.356 0.01371 -3.11

It.250 1 .66315 0.10216 -4.13 6.760 1.-#4 6663 8.02990 -3.55 17.650 1.35891 01301 -3.07
6.360 1. 16381 0.36289 -##.13 6.866 1.064403 6.0516 3.98 16.069 1.35416 5.01613 -3.06
6.356 t.4661 6.6262 -6.13 0.600 1.%6343 0.60809 -3.98 18.291 1.351t6 0.01639 -3.0
64.660 1.6#63s2 6.062"5 -6.13 9.060 1.661282 0.46612 -3.197 18.600 1.36856e S.014.58 -2.98
64.60 1.6611? 6.04299 -6#.13 9.106 1.664221 G.60826 -3.671 10.600 1. 314 6.01681 -2.S2

%.S0O 106 322 6.260M -6.13 9.261 1.66-156 0.0601,07 -3.9% 10.606 1.342,16 6.0 15C1 -2.86
6.515 1.667 0.06305 -6&.12 6.366 1.64695 0.635 -3.98 19.000 1.3 361 6.01Is., -2.064
6.600 1.6291 0.06700 -6.12 1-460 1.66631 0.0086-42 -3.95 19.2EG0 1. 33033 6.01151 -0.0
61.490 1 . 16270 0.60311 .4.12 9.900 1. 6396? 0.60(A9 -3.66 19. t65s 1.3336t 6.61579 -2.76
6.766 1.6260 0.6to31## -6#.12 6.606 1.113101 0.60657 -3.64 19.668 1.23653 0.01S96 -2.71

is.76 1.66266 6.66314 -60.12 9.7?S9 1.63835 0.665 -3.93 19.000 1.32461 016211 -2.87
61.006 1.66228 8.86311 -6.12t 9.866 1.63769 2.802 -3.63 20.606 1.32353 0.410;49 -2.8?
06.69 1.66212 6.003216 -6s.12 1.96M 1.6776 0.1666 -3.63 2G.566 1.31913 G.01703 -Z.§C
6.960 1.66168 6.01327 -4.12 10.166 1.63833 6.If*#? -3.92 21.006 1.36060 0.61779 -2.38
6.950 1.46166 6.80m3 -6.12 10.206 1.43494 6.66703 -3.96 1.506 1.19736, 6.6166 -2.22

9.06 1.66163 6.18376 -6.11 10.6606 1.43352 00716 -3.66 22.00 1.28792 6.41919 -2.07
5.06 166q 0.66-.113 16.680 1.61320t 0.68734 -3.06 22.S6 1.27616 6.61993 -1.50

S.206 1.%6041 6.06147 -. 11I 16.666 1.63050 0.607669 -3.67 23.006 1.20799 1.62010 -1.73
S.380 1.668 6.643M -6.11 11.606 1.112997 0.607615 -3.&9 23.500 1.25143 6.62151 -1.596
9.1660 1.660eth 6.66316 -6.16 11 .266 1.62752 0.001 -3.064 261.06 1.2?4140 4.62236 -1.361

5.966 1.69988 6.910 -6.1t 11.660 1.4296 0.AM71 -3.83 26.S9 1.23500 4.8232t -1.12
6.606 i.6o991 6.0373 -6.10 11.666 1.626,33 4.16M1 -3.01 2S.010 1.2232! 0.12414 -0.69
5.760 t.4Sq13 6.1008 -61 11.480 1.62269 6.6629 -3.66 29.506 1.21096 6.6910 -0.86a
5.666 1.69875r 6.66307 -6.19 12.008 1.%2102 6.60660 -3.76 26.666 1.19814 0.0261 -0.3k
906 1.1615636 6.6(363 -6.69 12.288 1.41931 0.0682( -3.71 26.506 1.16463 6.607?1 -0.07

11.06 1.096 0.066660 -61.69 12.648 1.41057 1.1079 -3.75 27-016 1.10997 0.02026 0.26
6.106 1695 6.66667 -4.6 12.666 1.61560 1.06895 -3.73 27.50 1.15669 0.02969 0.56
6.266 1.0475 806461b -4.06 12.666 1.4139q 0.6,912 -3.71 Zf.3o6 1.16151 5.03019 6.9s
0.366 1.6587?3 6.66*35 -6.00 13.664 1.6121 6.1092-4 -3.76 26.566 1.1*56460.93261 t.39
4.606 t.415631 0.66627 -60.00 13.206 1.61627 0.10666 -3.06 29.101 1.1096#9 6.63361l 1.76
6.906 1.69900 6.66616 -6.07 13.840 1.638 0.06 -1.68 29.560 01616 0.636,89 ?.29
t.689 1.6956 9.64%41 -4.0? 13.666 1.48142 0.0061 -3.861 36.666 1.6745@ 6.G66 2.78

*Is tis table moe dlal plaaft are repo"ts tlua warrvied merely for tis Parss Of 60uilar 090thms MW inral comarisou.
For mesalaghal decimal places mW stmrtat.e of ftulated value to vare vvebmo rang, me. 8. tees dl sdeect S. 17.
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3.18. Cesium Chloride, CsCl

Cesium chloride is very hygroscopic and highly soluble in water. It is, therefore,

an unsatisfactory material for making optical parts, despite its optical transparency over

a fairly wide wavelength region. While CsCl is not suitable for ordinary applications,

it is an interesting object for scientific studies. The wavelengths of absorption bands

in the ultraviolet region have been measured by Hilsch and Pohl [23] and by Schneider

and O'Bryan [241. Lowndes and Martin [13] measured the infrared absorption band and

the dielectric constant. In Table 3, the results of the above work are listed.

Because it is an unfavorable material for optical use, there have been few

measurements of the refractive index. For the transparent region, only four data sets

covering a limited wavelength range were found in the literature. Upon careful exam-

ination, one finds that the works of Wulff, etal. (the first three listed in Table 75) pro-

duced reliable results which can be used as the basis for the reference data generation.

Results reported by Sprockhoff appear to be unreliable, as the given values seem too

high for the assumed temperature. The large discrepancies may be attributed either

to the measurements being made at a lower temperature than was reported, or to the

measurements being made on impure specimens. In the infrared region, Vergnat,

et al. [261 obtained refractive indices for powdered CsCl by analyzing the reflection

spectrum. This set of data is presented here for completeness, but i was not used for

data analysis.

Data reported by Wulff, et al. were obtained at a temperature of 298 K, five

degrees higher than our chosen reference temperature. Since the value of da/dT of CsC1

is about 6. 0 x 10 - 5 K-1 in the visible region [181, a temperature correction of about 3

units in the fourth decimal place needs to be made.

Although there is not a single experimental value of dn/dT available in the

literature, we can make reasonable estimates of dn/dT over a wide wavelength range,

* using our empirical discoveries. Using the parameter values in Table 5, the following

dn/dT formula was constructed for CsC:

___1. 9 89 X4 276.48 X4

2n-- =N-13.89 (n2- 1) - 4.27 + 1.989 X4  + (57)
(X2 - 0.02624)2 (X2 - 10100.25)2

where dn/dT is in units of 10 "5 K- 4 and , in gm. Equation (57) was used to calculate

dn/dT values for reducing Wulff s data to 293 K.

j ' I f -- , .. .. . ... i ' '' . . .. ' .. . ... -- - - - - - - -... ..
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With the information available from Table 3, a least -squares fitting of the reduced

data to Eq. (10) was carried out. It resulted in a dispersion equation for CsCl at 293 K

in the transparent region, 0. 18-40.0 AM.

n2 =133013+ 0.98369 X2 0. 00009 X2 0.00018 X2
n 2 =1303++ +

X2 - (0.119)2 2_ (0.137)2 X2 - (0.145)2

(58)

0. 30914 X2_ 4.320 >2

X2_ (0.162)2 X2_- (100.50)2

where X is in units of jm.

In practical use, the contributions of the third and fourth term are small and can

be neglected; they are given here for completeness. Equations (57) and (58) were used

to generate recommended values of refractive index, dn/dX and dn/dT. In the tables,

the property values are given to more decimal places than needed, for tabular smooth-

ness. In order to use the recommended values correctly, readers should follow the

criteria given below.

For refractive index:

Wavelength Range Meaningful Estimated
()in) Decimal Place Uncertainty, +

0.18- 0.20 2 0.01
0.20- 0.30 3 0.005
0.30- 0.40 3 0.003
0.40- 1.50 3 0.001
1.50-20.00 3 0.003

20.00-30.00 3 0.006
30.00-40. 00 3 0.008

For dn/dT:

0.18- 0.19 0 1
0.19-30.00 1 0.4

30.00-40.00 1 0.9

I
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TABLE 74. RIECOMMOEND)ED VALUES ON1 THE RIEFROACTIVE INDEX AND ITS WAVELENUTII AND
TEM6PER6ATURE DIERIVATIVES FOR1 CaCI AT 293 K*

3,-n/X d/d ,-da/dk do/dT x. -da/dk duAIT

30.180 2.16918 21.21.306 -0.16 0.300 1.11295 C.17761 -7.93 1.006 1.6251.3 0.011.31 -F.69
0.102 2.M313 17977 -1.73 0.305 1.70120 0.7?456 -?.93 1.050 1.62!,7t 0.0124.8 -7.69
0.181. 2.0964 15.1.409Z -2.91 0.310 1.710570 V.HSC19 -7.52 1.100 1.b251f 0.01080 -7.69
0.186 ?.C&801 13.46M' -3.79 0.315 1.7024.0 0.6930 -7.92 1.150 I1.6? 0.0091.0 -7.69
9.188 2.04.273 11.67E19 -4.1.5 0.320 1.(9931 0.10056e -7.91 1.200 1.62'?3 0.006!6 -7.t8

3.190 2.02031 10.57845 -5.0f 6.325 1.5963s 0.f565CC -7.91 1.250 1.62363 0.1074S5 -?.68
3.192 2.00021 9.50C6 -5.5C 0.3!0 1.(936. 0.531.00 -7.90 1.3CC 1.E231 0.00666 *7.t8
0.194 1.98270 8.59429 -5.87 0.335 1.010! C.So1.5B -7.9c 1.3so 1.6?311 0.0219 -?.68
0.196 1.96550 7.8241. -6.11 0.31.1 1.(68519 0.4.2738 -7.8S 1.4.00 0.b28 0.6054t -7.68
0.198 1.950W 7.1!053 -6.4.2 0.34S1 1.M827 0.1.1220 -?.as 1.1.50 0.C2.162 0.00..52 -7.08

0.200 1.93711 6.58?36 -6.63 0.350 1.(8607 C.1.708. -7.ee 1.130 1.6223S .3.. -7.68
8.20? 1.92446 C607821 -E61 0.355 1.E819e t.4.0713 -7.80 1.S50 &.2'1 .3t412 -?.El
0.2C4. 1.91275 5.63414. -6.9( 0.3(b 1.C19000 C. 38653 -?.81 1.608 1.67191 6.10cirg -7.f7
0.206 1.9018S S.29C2. -7.09 0.3(5 1.f7811 0.36010 -7.8? 1.650) 1.6217s 0.003!9 -7.67
0.208 1.9917( 6.88099 -7.20 0.370 1.17(31 0. 35C 2 -7.86 1.730 1.bJ62 0.02 325 -7.L?

0.210 1.P8231 4.573C4. -7.30 0.375 1.6760 0. !1.C9 -7.01 I.T 58 1.62141 6.0301 -7.67
0.71? 1.07345 1..29CC0 -?.31 0.300 1.07297 &.!1871 -7.86 1.600 l.6213? 0.302e3 -7.t?
0.211. 1.116513 4.0?!14. -7.4.5 0.385 1.711.1 6.2104.30 -7.85 1.850 1.62011 0.03266 -7.t7
0.216 t.1,730 3.75'78 -7.51 0.390 1.f6993 0.2907 -7.05 1.900 1.C21C

5  
0.052t1 -Y.tl

1.218 1.84992 3.5W69 -7.52 0.395 1.(6150 0.2780 -7.81. 1.958 1.62993 0.032Z1 -7.67

0.270 1.84291. 3.39230 -7.82 0.1.00 1.61.0.26612 -7.81. Z.004 I.52182 0.802211 -7.t1
0.222 1.6314 3.21!(? -7.50 0.4.10 1.(645S 0.214?.6 -7.83 2.95f 3.60011 6.03213 -7.07
3.2 1 .83008 3.015 -7.6i 0.420 I.L6225 C.22100 -7.8! 2.108 2.6 L6c 0.1,1E -7.67
0.2?6 1.8?413 2.S9736 -7.73 0.1.30 1.86009 0.2071.2 -7.82 2.150 1.6Z050 1.10419S -1.07
0.28 1.81848 2.7',691 -7.75 0.0410 1.65010 0.19101. -7.81 2.200 1.6 6141 0.00187 -?.it

0.230 1.61310 2.626(6 -7.7e 9.1.53 1.05625 0.17781 -7.81 ?.?S0 1.62(3? 0.00160 -7.i6
0.23? t.80777 2.1501t -7.80 0.1.60 1.65453 0.16516 -7.80 7.300 1.6?023 0.05173 -7.t6
1.?34. 1.00307 2.3S216 -7.82 0.470 1.(5294. 0.15371 -7.79 7.350 1.62C16. 0.031CO -7.66
0.236 1.79839 2.28765 -7.e#4 0.1.00 1.1511.6 0.11.332 -7.79 P.40 l.t.'Cf8 0.&113 -7.66
lZ38 1,79391. 2.18530 -?.85 0.1.90 1.65#07 0.13387 -7.79 2.150 1.b1s9e 1.00156 -7.66

0.21.0 1.78963 ?.GS721 -7.87 0.100 1.01.076 0.12S5 -7.70 2.500 1.61590 0.00111. -7.66
8.24?2 1.78552 2.51M9 -7.8@ 0.510 1.01.756 0.117!7 -7.70 2.51 1.61163 0.Cl0150 -7.66
0.71446 1.76L58 1.97008 -7.89 0.120 1.61.61.3 0.1 IS -F.7? 2.661 1.t1975 9.0011.7 -?.6
0.?46 1.77780 1 Of !35 -7.90 0.530 1.(4.530 0.30!53 -7.17 Z.6S0 1.6 196f 0 .00411.41 -7.66i
6.21.8 10.77411 I.7811.5 -7.91 0.11.0 1.(44135 0.C971.3 -7.70 2.706 1.E. l61 4. O01..1 -7.66,

3.210 1 .7706? 1 .?1 Z 2 -7. 91, 0.550 1.01411 0.09182 -7.76( 2.750 1 E 1. 0.00139 -7.66
32S2 1.:76731, 1.61.957 -7.92 0.SE0 1.51.252 0.68663 -7.76 2.800 1.61S47? 0.00136 -?.t6
025%. 1.7640F 1.SMO0 -7.92 0.570 1.01.168 C.08181 -7.71 2.850 1.0194.0 0.0233. -7.16

0.256 1.76095 1.53107 -7.93 0.580 1.008 C.111. -7.7S 2.900 1.61931. 8.00133 -7.66
0.218 1.75791. 1.1.7731. -7.93 0.590 1.6E4013 0.07!28 -7.75 2.953 1.61921 3.0611 -7.66

1 .263 1.75501 1.1.2581 -7.93 0.600 1.03941 0.06945 -?.?S 3.000 1.61921 3.001!6 -7.60
3.?62 .121 1.37698 -?.9. 0.620 1.(3009 0.t62S& -7.7. 3.050 I.61911. 0.0129 -7.66j
0261.s 1:74.953 1:3!37?:-79. 0. 1.3690 MEt6 -7.71. 3.108: 1.6140e .128 -7.

3.266 I.71.691 1.2F103 -. 91. 1.6660 t:1.0358 0.1513? -7.73 3.15 161"0 t.02 76
0.268 1.71..38 1.21.1.C1I-.91. 0.600 1.( 3.1 4.0 4 77 _-7.73 3.200 1.(1395 0.00126-76

11.270 1.71.19. 1.70!07 -7.9. 0.200 1.033qS 0.01.271 -Y.72 3.253 1.61005 0.33126 -..6
027? 1.35 1.1615 -791 3.2 .31 31 772 3.0 1.18?.32 71

at 3.271. 1 132 11295 -S91 6.1. 1.q23 D.19 -7.7 3.1 0.617 ::,12 -7.5
6.27b 1.73501 1.09%e6 -7.9. 0.760 1.03169 0.0330 -7.7 3.41.0 1.61070 0.0081, -7.15

*6.1?8 1.3289 1.068D01 -294 0. 780 1.0310ot 0.28300!3 -7.21 3 .1.50 1.6186. 4.6312 S .15t

3.8 1.38 .291 -7.94 3.800 1.0067 0.0223 -7.71 3.530 1.6G7 3.01125 -?.65
3.262 1.7778 .9936 -7.91. 0.820 1.(M53 0.02617 -7.71 3.551 1.61M5 0.10125 -7.i5
1.2864 0.72681 0.96911 -7.91. 0.810 0.02942 0.02431 -?.71 3.600 1.E161. 3.1t25 -7.65
4.206 1.72490 1.94112 -7.9. 0.860 1.0289S 0.022(7 -7.70 3.6S9 1.613 4.012M -7.65
1.288 1.72305 0.9142S -7.96- 0.60 1.12652 0.02109 -1 00 3.736 1.6131 3.36125 -?.i5

1.293 0.72121 1.88#0. -7.91 0.900 lfr 1.081 001570 -7.20 3.750o 1.61,12t16.83125 -7.15
0.29? W1.719 #.W937 -7.91. 0.920 1.62173 0.0181.3 -7.70 3.303 1.61120 0.03126 -7.6s
0.29. 1.71779 0.83995 -7.914 3.91.0 1.6217 1.01722 -7.70 3.8 1.61011 6.46M8-78

3.296 :.716123 ::.B1T10 :713 090 .201 0.11 -76 .0 .10 .61 70
M.9 1.7145 0.9s1 -293 0960 1.27 ( .0D" 1 -76 SD95 1.14 0011 78

1:1 Ill___ _2___2___ ___ ___ _1___1__12?
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TABLE 74. IECAOOWZNDID 'JALAM ON THE REF3ACTIVE INDEX AND 1TS WAVELENO? AMD
TmRUAI131 DEJUVATIVXS 1(M CuCI AT 23 K I ofthd)

x 4/a7 albI-B/) odT xhd) a/ -d%J d/dT
4 10- X-4 on'K AM-' 10-6 K' 0OR. o-

ae1179 .617-7.09 4.416 1.61632 6.65229 -7.97 17.66 1.9746 60090 -7.10
4.964 1.61760 $.stiff -?.09 4.911 1.(1049 06231 -7.57 17.0s1 1.17940 8.64915 -7.17

.is1.60872 0.60129 -7.6' 1.764 1.1866~ 6.0237 -7.97 h6.8.65 s.S61 0.002 -?.IS

.101.61711 6.00129 -7.01 4.766 1.1460 0.66230 -7.97 18.291 0.§7440 8.88M2-71
40.261 1.60174 06130 -7.60, 6.616 1.M163 1.60426 -7.S7 96.401 1.97271 6.81536 -7.13

4.250 1.61F62 0.80141 -?.44 6.0 1.10919, 0.66202 -7.91 10.66 1.971419 6.903 -7.11
4.396 1.01709 4.9111 *vs 910 1.C849 .l GO 0206 -7.6 19.000 1.24049 0.00990 -7.16
'.306 t.40454 0.60131 -7.6'. 9.10 1.10961 0.60249 -7.96 19.806 1.1909 8.0955? -7.10
4.'.60 l.600o 8.4613) -7.00 1.260 1.10441 4.60251 -7.91 19.26 1.14132 6.690 -7.6
4.090 1.61734 9.06113 -7.681 9.318 1.16811 I.16113 -7.9 19.466 31594711 6.06971 -Y.09

%.See 1.11125 6.611)0 -7.00 9.40 1.46798 6.06290 -7.09 19.b66 1.514106.64579 -7.03
%.SS3 1.61?23 6.6116 -7.90 1.1110 1.(164 0.60299 -. 9 19.0 1.9447 0.0906 -7.01
4.600 t.617140 .06136 -7.6%. 9.06 1.90136 6.022 -7.90, 26.666 1.56349 6.06593 -7.66
%.bso 1.6011 6.61317 -7.40 9-700 1.0712 0.6065 -7.90 20.966 1.9004f 6.161Z -1.95
4.700 1.0102 6.00130 -7.60 9.609 1.10109 11217 -7.90k 21.600 1.19796 6.60021 -0.91

.70 1.6115 49 .00139 -7.6'. 9.900 1.M019 I.CO271 -7.90 21.90 1.55637 6.06650 -6.01t

.67 1.61000 1.60140 -7.0 16.666 1.M011 6.40273 -7.%3 22.806 1.%9160 6.6609 -640

.6l1.*10011 6.09141 -7.00 16.360 1.e4976 6.0279 -7.93 22.601 1.94461 0.00089 -0.79
oqo1.61674 6.00112 -7.006 16.460 1.10920 6.0264 -7.92 23.06 1.94011 6.66710 -4.09
410 1.01467 6.08143 -7.00 10.468 1.(0463 0.00296 -7.12 23.506 1.90090 6.60730 -0.03

5.604 1.61401 0.06106 -7.13 10.60 1.6004 0.6629 -7.91 2000 1.S3648 6.667M -0.57
S.101 1.M109 0.06104 -7.03 11.110 1.(034406.90M6 -?.06 20.900 1.13387 0.00773 -0.50
9. Df6 1.61431 6.66110 -7.63 11.266 1.10603 0.2#367 -7.50 1S.108 1.929195 6.60795 -6.63
q.301 1.61611 0.00116 -7.13 11.000 1.1623 6.66313 -7.%1 29.906 1.92911 6.6417 -0.10
S.fa06 1.01001 #.#life -7.03 11.406 1.00190 O.6619 -7.008 26.000 1.9291t 0.060 -4.20

4.402 1.1969 6.01105 -7.03 11.666 1.6660 06329 -7.00 t6.901 1.51M7 1.00463 -0.26
9.0662 1.e976 0.8011? -Y.63 12.066 1.40620 0.603t1 -7.Is? 27.046 1.91235 6.Goes7 -4.11
4.700 1.190 6.00119 -7.13 12.216 1.19961 0.1033? -7.40 27.604 1.10 s69 0.60912 -0.62
1I.600 1.t193 0.61612 -7.6Z 12.6,0 J.90893 0.60830#3 -7.0 20.00 1.56323 0.601936 -1.93
1.406 1.0192t16.00140 -7.02 12.406I 1.29620 0.1509M -7.09 20.566 1.49842 0.00902 -9.63

6.06 t.01609 6.001146 -7.42 12.066 1.!97S406.1635S -7.00 29.608 1.094121 6.090 -9.72
t.110 1.60406 0.66119 -7.42 13.666 1.M906 0.00311l -7.63 29.960 1.064 .01016 -5.41
e.260 1.6101 0.171 -7.02 13.060 t19601 0.60307 -7.02 36.06 1.043211 6.81003 -9.96
t.364 1.01%90 6.66174 .7.62 13.00 1.1951 0.00373 -7.01 30.506 1.07010 0.61671 -9.30
6.406 1.0106 6.6170f -7.61 13.400 1.29400 0.11379 -7.00 31.066 1.M779 6.6116 -9.29

0.966 1.41019 6.61709 -7.01 13.060 1.19360 60.603e9 -7.06 31.560 1.4018 1.01129 -9.12
6.6110 1.61#601 6.061161 -7.41 10.601 1.1%366 0.0039t -7.329 32.061 1.0441 0.61106 -0.97
0.760 4.61363 0.66104 _..1 10.26 1.!227 0.60396 -7.30 32.966 1.f6990 0.61191 -04.63
(.610 1.01100 6.600006 -7.011 1406 1.19107 6.6001 -7.37 32.66 1.0#44f% 6.61223 -0.67
6.906 1.613%5 0.60109 -7.61 10.616 1.99600 0.00010 -7.30 33.966 1.44334 6.01220 -0.61

7201.4127 0.?1 7 -7. 19.60 .60 0.609 -73 39.066 1.27 6.00 -3.to

7.306 i.01200 0.00199 -7.46 19.486 1.90727 6.140034 -7.32 39.106 1.01018 0.6139 -3.70

7.066 1.01200 0.06202 -7.G6 to.&"0 1.6040 0.00042 -7.31 3b.989 1.48973 6.0,1430 -3.06

? .S60 1.6122? 0.16240 -7.99 19.006 1.691 6.60446 -7.29 30.961 1.40200 6.014677 -3.33
7.6 t.60207 6.06007 -7.99 14.000 1.9046 0.66099 -7.30 37.666 1.290099 6.01610 -3.09
776 1.1100s 0.6616l -7.69 14.066 1.16349 0.66002 -7.67 37.6 1.3012t 6.015(6 -1.00a

I.6 1.61106 0.06202 -. 99 10.400 1.60270 6.0960 -7.a6 30.666 1.37130 0.6160 -11.60

7.966 1.01103 6.60019 -7.99 14.666 1.96101 6.000176 -7.19 36.0 1.17121 0.01646 -2.311

6.006 1.61122 6.60310 -7.00 10.060 1.10164 0.0001 -7.23 39.6 1.34109 6.1694 -2.02
0.10 1.01166 6.60006 -7.10 17.000 1.07909 6.000066 -7.00 31.508 1.31000 6.61705f -1.71
0.20 1.61070 #.Mots -?.go 1726 1.67091 6.6099 -7.21 06.6 1.4639 6.60709 -1.39
8.386 1.41099 6.60306 -7.96 07.6 1.9791 0.1962 -7.20

'1a WeO table am 0dm!~a places are repmorted fte urrafted musty for do. pps of tuhmkr sma0210... ag hafrm3 omam
For wasnligt daod glue..aed mincrttath1. d ftbh0.d vsain to varlom wavahgth ranges, a". the too d .so.ms 3. 16.
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3.19. Cesium Bromide, CsBr

Early measurements of the refractive indca of CsBr were made by Sprockhoff 1951
in 1904. He used the minimum deviation method to determine the refractive indices for

three visible spectral lines, 0.486, 0. 589, and 0.656 ur. Although his values were

presented to 4 decimal places, the temperatures at which the data were obtained were

not specified; the significance of the data is thus uncertain.

In the following 50 years, no other measurement of the refractive index of CsBr

was reported. The main reasons for this long blank period were the difficulties in crys-

tal growing. Large crystals suitable for optical components were not available. It was

not until 1953 that large crystals of CsBr of reasonably good optical quality were success-

fully grown, providing a new material for infrared studies in the range beyond the 25 jin

limit of KBr, out to about 40 jsm. A mixed crystal of thallium bromide-iodide, known

as KRS-5, was previously the only material available for use in this region.

The dispersion of CsBr compares favorably with that of KRS-5 beyond 20 microns,

and when the effects of inhomogeneity and reflection losses are considered the resolving

power of a CsBr prism is much better.

The refractive index in the transparent region of CsBr was extensively and precisely

measured by Rodney and Spindler (107,1081 in 1952 and 1953. The minimum deviation

method was used for a wide wavelength range from 0. 365 to 39.22 jm. Rodney and Spindler

(1071 worked out a dispersion equation of CsBr as shown in Table 82. They pointed out

that five of the seven constants in that equation were determined by means of a simultan-

eous solution. The constants appearing in the denominators of two terms represent the

infrared and ultraviolet absorption bands. The ultraviolet term was determined by taking

a weighted mean of several measured bands. The infrared term is an estimate based

on information on CsCl, and is probably too low.

Refractive indices of CsBr in the infrared absorption region, 30-275 im, were

Sderived by Geick (1091 in 1961, based on the analysis of transmission and nearly-normal

reflection spectra. He concluded that an absorption peak was located at 136.7 jm. The
infrared region up to 200 im was reinvestigated by Vergnat, et al. 1261 in 1969. The
Lorentz damped-oscillator model was used to analyze the normal reflection spectra.

Two absorption peaks were found at 97.09 and 133.33 Ian, with the one of longer wave-

length predominating. These results indicated that the wavelength in the infrared term

used by Rodney and Spindler was low.

In the millimeter-wavelength region, the refractive index at 2000 Am was determined

by Dianov and Irisova [471 in 1967. The result, n2 6.55 at room temperature, agrees
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closely with the value of static dielectric constant given by Vergnat, et al. (261. This

completes the record of activities in determining the refractive index of CsBr.

In view of the available information discussed above, we used the two data sets

by Rodney and Spindler 1107,1081 as the basis for generation of recommended values.

Since the data sets were reported at temperatures of 300 and 297 K respectively, tem-

perature corrections were needed to reduce the selected data to 293 K. However, there

was little data on which to base such corrections. Rodney and Spindler 11071 reported

an averaged dn/dT value of -7.9 x 10- 5 K -1 for the wavelength range 0. 36-39 pim, but

no detailed variation of dn/dT was given.

In the present research this obstacle was removed by our empirical methods,

as discussed in subsection 2.2. With the aid of the predicted parameters in Table 5,

we constructed a formula for dn/dT values for CsBr over the entire transparent region:

2n!-2R =-14.22 (n 2-1) - 4.75+ 2.172X 4  + 310.40 4  (59)dT (X2 - 0.03497)2 ( 2 - 18509.60)2

where dn/dT is in units of 10- 5 K -4 and ) in ;an.

The results of this process are encouraging. In Fig. 64, it is evident that our

averaged value of dn/dT in the transparent region is about -8.2 x 10 - 5 K - 1, while the

value of Rodney and Spindler is -7.9 x 10 - 5 K-4. In the better set of the selected data,

Rodney and Spindler 11071 obtained refractive indices at temperatures ranging from 297

to 304 K, and then reduced to 300 K with accuracies within ± 1 or 2 x 10-5. If the errors

are totally due to the uncertainties of dn/dT, which is very likely, the uncertainty in

dn/dT is about 0.3 x 10 - 5 K -1 or higher. The accuracy of the other set is perhaps less

than 0.0001. Therefore, it can be safely said that the predictions of Eq. (59) are rea-

sonable. The selected data were reduced to 293 K using this equation.

From the information in Tables 3 and 82, input parameters for a least-squares

fitting were obtained. The calculation resulted in a dispersion equation for CsBr at 293 K

in the transparent region, 0.21-55.0 jSm.

n 2 =1.14600+ 1. 26628 )2 + 0.01137 2 + 0. 00975 X2

-- (0.120)2 X2 
- (0.146)2 2 - (0. 160)2

0.00672 X2  0. 34557 2  3.76339 X2  (60)

X - (0.173)2 X2 - (0.187)2 2 - (136.05)2

where X is in units of gm.
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Equations (59) and (60) are used to generate the recommended values of refractive

index, and its wavelength and temperature derivatives. The property values are given

to more decimal places than needed to assure tabular smoothness. In using values from

the table, readers should follow the criteria given below.

For refractive index:

Wavelength Range Meaningful Estimated
(Am) Decimal Place Uncertainty,

0.21- 0.25 2 0.01 -

0.25- 0.35 4 0.0003
0.35-30.00 4 0.0001

30.00-40.00 4 0.0005
40.00-55.00 3 0.006

For dn/dT:

0.21- 0.22 0 Z1
0.22-40.00 1 0.4

40.00-55.00 1 0.9

4
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TABLE 76. ROECOMMIENDED VALUES ON THE REkRACTVE LUWEX ANI) ITS WAVELENGTH AND
TEMPEROATURE DERIVATIVES FOR Cil~r AT 203 K*

X r -da./d3 do/dT a. -b/dX dm/dT x -di%/d) dK/dT

1.218 Z. 1020k 16.14941 -1.?3 0.3?5 1.0E7 C.'.6.'. -8.61 1.750 1.07191 0.00373 -8.39
4.212 2. 15191 186.666 -2.88 0.340 1. 74819 0.hb6,b8 -6.E0 1.800 1.67003 0.09304' -8.39
0.21'. 2.12S45 12.%24(6 -3.74 0.38S 1.7'.192 0.04318 -4.06 1.850 1.6?150 0.081319 -8.39
4.216 2.16281 Ii.60285 -4.1( 1.390 1.7$975 0.427 -8.60 1.900 1.78 .49297 -6.39
0.216 2.06105 9.9117 -5.68 0.395 1.73759 0.60339 -6.59 1.960 1.67127 G062?7 -4.39

6.220 2.06216 8.q76'o -5.53 0.1400 1.73!71 0.!6528 -8.5i Z.400 1.67113 0.00254 -6.39
0.222 2.3453'. 8.1168!. -5.93 0.410 1.13203 0.!522 -8.56 2.QSO 1.67101 0.061243 -8.39
6.22'. 2.029a1 7.4722'. -6.27 0.421 1.72666 4.!2!04. -6.5? Z.100 1.67089 0.60228 -6.39
0.226 2.01509 6.61871! -6.50 0.430 1.72556 0.29712 -8.5? 2.188 1.6707e08.00715 -8.39
0.228 2.00169 6.34187 -6.60 0.440 1.72P71 0.27400 -6.5t 2.200 1.06707 0.00203 -6.38

0.230 1.98968 5.67703 -7.82 0.850 1072007 0.25111 -6.55 2.250 1.665 0.00192 -6.3a
8.23' 1.9763'. 5.4(616 -?.20 0.4(0 1.71763 0.23'.?? -&.SS 2.300 1.EFC8t1 .01162 -8.38
0.2380 1. 6770 5.1012. -7.36 0.170 1.7153? 0.2179? -4.58. 2.350 100 0.10173 -8.38
0.236 1.95791 16073C4 -7.50 0.840 1.432? 0.20282 -0.54 2.'.0c 3.E7031 0.02165 -6.30
0.238 1.94666 8.87932 -7.6? 0.490 1.71131 G.W6 9 -6.53 2.450 1.67023 0.00157 -6.36

0.240 1.93497 8.21 319 -7.73 0.500 1.70?6. 0.*17000 -&.51 2.500 1.E7018 0.00150 -0.38
0.242 1.931?9 3.97173 -7.62 0.510 1.75777 0.1052? -6.52 Z.550 1.f7008 0.61884 -0.38
0.24.' 1.9240? 3.7516'. -7.1c 0.520 1.76617 0.1483 -4.52 2.600 1.67001 0.03136 -6.36
0.246 1.91677 3.58680 -7.1e 0.530 1.70467 C.14531 -8.51 2.650 1.6699. 0.011!3 -6.3a
0.Z84 1.90901 3.l(0(2 -4.68 0.580 1.70326 C.130.87 -6.51 2.700 1.66987 0.00128 -6.36

0.250 1.90 330 3.19717 -8.1t 0 .St0 1.7019' I 0265'. 4.SC 2.780 1 .t~'8 0.00123 -8.36
0.252 1.09700t 3.08691 -6.1f 0.500 1.10DE9 0.1211. -6.51 2.SC0 1.66975 0.00019 -8.3t
0.25'. I.G89113 Z.89(8s2 -8.20 6.570 1.0998 0s 13 -8.5c 2.680 0.66969 0.00115 -61.36
5.28 6 1.86W8 2.7028 -6.28 0.566 1.09680 0.10799 -0.89 2.900 1.6696'. 0.00112 -6.36
0.284 1.6040? 2.63006 -6.28 0.510 1.19715 0.1021. -8.4S 2.950 1.66'5 0.9401. -6.36

D.?69 1.87491 2.5?25 -6.32 0.600 1.096i3b 0.09672 -8.86 3.000 1.b6953 0.00106 -8.3f
0.262 1.66b998 2.818 -8.3! 0.624 1.(9853 C.CW69 -4.806 3.040 1.06948 0.101(3 -8.31
4.208 1.66825 2.31117 -8.3A 0.680 1.09z67 0.07888, -6.47 3.100 1.06942 0.00100 -6.34
0.266 1.6607? 2.Z1009 -948 6.60 1.19tia 0. 07107 -8.87 3.156 1.66937 0.001se -8.30
0.?68 1.6f63? 2.12q87 -t.43 0.660 1.89012 C.06471 *..4( 3.200 1.66933 C.06096 -6.36

0.270 1.85219 2.08082 -6.88 0.700 1.f8878 0 * 05Q2 -84 3.2iQ 1.06'28 G.00G9'. -8.38
0.272 t.6'.818 1.98616 -6.87 0.720 1.06)0S 0.08399 -6.8s 3., 330 1.66023 0.00909? -6.36
6.27'. 1.88432 1.69826 -488 0.7840 1.(406 0 . C8982 -6.88! 3.350 1.66S19 0.00050 -6.36
0.27b 1.8061 1.82886 -6.50 0.700 t.60567 0.08'51# -0.81! 3.400 1.E6S18 0.00389 -0.30
0.274 1.W371 .79866 -8.51 0.7to 1.06806.04196 -6.8'. 3.450 1.6601 0.003a8 -6.36

8.260 1.83356 1.69628 -6.52 6.600 1.8639 0.03476 -48'.h 3.Sl7 1.(6905 4.00066 -8.30
6.26? 1.63023 1.63726 -4.58 0.620 1.0832'. 0.43S91 -6.44 3.550 1.tb6083 8.00085 -8.!6
0.268 1.62731 1.56136 -8.58 6.804 1.08258 0.03232 -830 3.600 1.666897 0.1096'. -8.36
1 .286 1.82390 1.52419 -6.5f 0.4860 1.(8191 0.83097 -8.83 3.68S0 1.66693 0.80083 -8.3?
5.206 1.62090 1.87772 -8.O0 6.686 1.E01 C02@8'. -6.83 3.700 1.66069 0.6062 -6.37

0.290 1.41799 1.8*2972 -8.57 0.900 1.8637S 0.W209 -6.83 3.750 1.06465 0.00001 -8.3?
6.292 1.81518 j10%684 -8.58 0.910 1.06023 G.CES15 -43 3.600 1.66e0810.00080 -6.37
0.298 1.61289 1.3686 -4.56 0.940 1.17978 4.823948 -0.82 3.050 1.06677 0.00060 -8.37

0.26 16092 12968 .Sl 0.6 1:.07929 0.62206 -82 3.0 0.67300079-63
D.298 1 ?076 1.21933 -. 9 4.6 1678 0tab 201 -6.2 3:950 1.669 6 008 -8.a37

0.300 1.0876 1.21 -6.60 1.660 1.006' 0.0198-7 -6.82 86.000 1.(6605 0.00078 -4.37
@.IDS 1.79889 1.13399 -8.61 1.0!0 1.(7'756 0.01078 -6.80t 8.050 1.66e60 0.00077 -6.37
4316 17413142 1:41 -86 .0 1.77 0017-88 8.0 1665 6007 -. 3

11:131 1.74633 0.68 -6611 1 1j 60 0.178 -48 '8.L 1. 6 03 0.0? -63
0.3 0 1.7435 6.92681 6 1.20 1.75 .0102 -8.8 8.0 1668 0007 -. ?

6.315 1.??911 6.6022S -6.62 t.250 1.(7897 G.W091 -6.8-0 8.258 0.06085 0.0076 -8.37
1.336 1.77898 6.86926 -0.02 1.366 1.07650 0.6682 -8.80 4.306 1.66842 0.663Y6 -8.3?
1.33S 1.77161 0.F6691 -6.6? 1.356 0.048 0.90708 -0.800 8s.356 1.6bt31 6.06076 -6.37

8.3445 '1.?6341# 669 -662 1.856lc 1.A33 6.13 -68 8.5 1 30 0007 -637

6.5 1.6 :06@3447 -6.6it 1.566: 1:107301 1:0.059 -6.80 4:.500 1:.62 0.67 837
is35 s 1.58 .669 -6.62 1.6 1.27 1? 60026 -839 8.55 1 6 03 0.60s -63

6.360 1.78851t 0.57116 -8.80 1.614 1.07?20'. 0.I0866 -6.39 4.606 1.66019i 0.107 -6.3?
4.36S W97171 0.58166 -6.61 1.066 1.17231 6.404880 -8.39 8.651 1.66615 6.06075 -6.37
0.371 1.4890 6519 -6.61 1.706 1.07010 0.004 -6.31 8.766 1.66011 1.86075 -6.37



230

TAILE 75. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGITHO AND
TEMPERATURSE DERIVATIVES FOO Cs~r AT 263 K (avouned)*

k a -416). ds/dT 7 -dm167. dm~dT x. -db/dX dn/dT
onAM 10- K

4  OM We' 10 lo urnm4JM 104 XK
4

':78 :6.580 ::6.0001155.3 100 1.:019: ::60138 :6.;1 26:5:0 1:62:91 :::03!9 -F.81
4..50 16664 55678 .6.? 1.60 1. 160 2.613 -53 2766 1611? 063E?7 -77

4.888 1.155056 5.6051 -5.31 11.t00 1.001:1 0.00":. -8.36 780 1002 .07 77
4..So 1.65790 5.55575 -5.37 11.450 1.6112 0.C01.3 -5.30 26.600 1.6615.2 6.063611 -. 2
ofqg 990 16,679 1.0016 -0.37 11.600 1.(053 0.61145 -8.30 25.ea00 :. t10 0.05 3:2 -7?.69

5.0 1:6:781 6.:501 -8.7 1.5 1.6014 :.0014#1 -5.30 29:0:g 1.01480 0.004c1 -70
a.0 1.071 6. 6 -637 12.0 1.6024 s16 -829 29.6 1.26124 0 64.10 ?7.62

9.200 .677 3 5.655 77 -..37 12 .fee 1. f994 0.10183 -0.24 3000 .660004.1, -7.80

5.3.06 1bb570 1.66875 -6.3 12.06 1.89 2 00156 -6.2 3100 1.01 .23 8 18.86 .0580 6.607 -636 126 1.50 0.2011 -5.2 31.8 1 6.0632 00440 -8.5006 66746 . 162 6.669 -36 13666 109 8806 56 -1-2 12.000 1.6611 0.06'.35 -7.1

.700 1 .6734 6.4060 -0.35 L3.240 0.05635 0.0010 _0.27 32.800 1,5931 0.204(65 -7.30
9 .Soo 1.6721 0.6061 -8.36 13.4460 1.(Sas01 o.0c668 -6.27? 33 .5sea 1. 9702 0.00.71. ..33
.900 1 .05711 0.65061 -6.36 13.00 1.(8707 0.00171 -6.2E 33.800 1.59462 0.00464 -7.20

0.400 1.66718 0.00082 -5.36 13.606 1.(8133 o.c0174. -0.26 34.000 1.59216 U.0014314 -7.23

::10: 1. :70 :0.003 -6.35 14::600 1.08590 0.:06 -0.2( 316:11 1:8:%: 6.680. -. 0
5.300 146 #-0*&If -6.30 1.26 1862 0019 -. 6 3.0 0.71. .01. -730.0 .068 6008 036 1.4.00 1.68626 6.00101 -8.25 36.50 1.85641 0.0525 70
6.1.00 1.6077 0.65 836 14.S419 1.68690 6S014 -62 3.60 1 .80109 0.605 -7.01

686 1660 6:00 -8:36 04.660 1:65553 0:001:7 -0.24 3b0.50a 1.7919 0.054.6b -b.95
b.5606 1:668~6 .0i 8 -636 18.60 1.5515 a.05 -62. 37.C 1.:7(1.3 0.6:'o 6.'

700 1.55581 6.00 635 15.t60 1.65S.77 0.00192 -6.23 37.80 1.87762 0.6056? -6.82
6.06 1556 $:66609 -6,31 181.60 1:65438 0::0198 -8:23 3.0 1677 060579 -6.7s

590 166633 0566 -63S 1is5 1.(8399 0.07 -8.22 35.0 1.66.6 590 -6.te

?.0 1.5S'4t 3.061 63! is60 1::535q 0.0020 -. 2 39.00 1.8'8 .00 b

:.10 1.611, 8.682 -03I 1.0 1.65831: 0.00 021 39.50 1.5618 r .0613 -6.54-
7.0 1oboes 6.566 3 -5.3 ! 106 1.S278 66205 -0.21 . . 000 1 55072 6.6062S -6.46
?.300 1.6611911 6.6669 -0.38 16.4.60 1.(StiT I.W92 -8.28 00.500 1.58887 0.10637 -5.37
?.1.00 1.66586 6.009 -3.3! 15.506 1.(5195 0.60211 -6.20 4.1.000 1.58238 0.6066i1 -6.29

7.0 1::057 0.60697 -0:3! 16:660 1.08182 0.0214 -6.20 4.1.500 1.54907 0.90662 -6.20
7.5606 1.5? 7 0698 -0.3 11.6 1.683109 6:6:116 -5.19 4.t:500 1:54!673 6.66675 -0.11
1.700 1 .587 6.566919 .36 ?7.too 1.05 g .6219 -61: N2.800 1.84.232 b.0 :5 -001
Soot061.547 6.50106 -5.34h 17.466 1.65:22 0.66222 4.16 4.360 1 53148 r071 -. 2

?.901 1.6653? 6.##111 -0.34 07.618 01.977 0.#0225 -5.17 4.3.800 1.S533 0.00715 -5.81

.00 1:66811 5.06102 -0.34. 1?::60 1:14932 0::022? -8.1? 4.4..0 0.316 .67 -5.71
0 10 1.6501 .6163 -. 4 18s6 1 640866 50235 -8t1 44.:0 1532752 :,:0743 -8.60

630 1.55495 6.615 -0 18..6 1.4193 60230 i o -01 1..0 04 0771 -8.3(
6.1.00 1.6546 060167 -8.3. 18.660 1.44.74S 0.00239 -0.16 4..00 1.5116865.50?06 -5.2.

$.So6 1.(65 6.60168 -8.34 18.608 1.04697 0.60241 -8.1. 46.500 1.5125S 0.0601 -S.11
606 1.60464 6.1019 -5.3. 19.666 1.(641. 0.00244 -8.13 4..00 1.10858 0.06817 -4.Se

::?66 1.55483 :::1116 -12 :.6.30: 19:61.406 8.124.? -5.13 4.7.S80 18 1:.4.2 0:4:371.84
a.6 1.55412 6.60 533 1s9.46 1.0.8 04 6250 -512 4.0.00 1.86822 6.55.9 4 .0

8 .900 1.05431 0.00112 -6.33 19.64 1.4.00 0.00263 -6.11 4.8.866 1.4s99 0.065 -4.55

9.000 1.05419 0.06113 -6.33 19.06 1.(14.149 0.002S6 -6.11 44.8.00 1,4.1157 0.00662 -4..39
9.110 1.651.06 0.05118 -8.33 20.406 1.(4.397 6.00259 -8.1t 4.9.500 1.1.6712 0.50099 -4.23

* 1 9.300 1.::638 6 61 -6.33 21.656 1 11.132 0.071 06 080 1479 .63 30
q9. 1.6 1.6533 6.6611 -5.33 21.98 1 .53993 0.00251 605 51.066 1 .4.7323 8.66983 -3.701

9.518 1.66361 0.691119 -8.33 22.118 1.03851 0.00268 -6.63 51.800 1.h442 0.00972 -3.52
-S9.656 1.65349 6.64111 -5.33 22.916 1.E3708 0.00246 -5.80 S2.00 1.4%5561 6.00991 -3.32

9.760 1.5633? 6.61122 -5.32 23.46 1.,13959 5.00303 -7.99 92.800 1.41081 5.51516 -3.1.2
9.60 1.e&32 11.111113 -5.32 f3.506 1.13402 0.60311 -?.17 53.600 1.4.5341 6.61638 -2.91

90 6 65312 6.11.1 -6.32 24.406 1.63245 6.10319 -?.94. 83.866 104421 0.1661 -2.6s

t1.066 1.56301 5.61125 -6.32 24t.666 1.1383 5.00326 -?.I2 81..010 1.4.190 6.01872 -2.46

14.6 1529 6016 -. 2 2.6 1271.9 0042 -76 1 66 0.3196 1.56 -0.95
1. t.5622 6.66133 -6.301 26.000 0.255 .036 -. 4

in this table mor. deelmal gao. are repaetdi M. rrasd merely for the pwlxmw of tabuar smocdua.. sad erval oczauartmo.
For meaningfual .g. I-Wg pbe wWuerta26Ieso t0akgd values %n4 varkw a vlaro raw", see the led ci ombeecto 5. 16.
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3.20. Cesium Iodide, CsI

Early measurements on the refractive index of Cal were made by Sprockhoff [95]

in 1904, using a minimum deviation method for three visible spectral lines, 0.486, 0. 589,

and 0. 656 pm. Although his values were presented to four decimal places, the temper-

ature at which the data were taken was not specified. These three values were the only

available data for about 50 years. The main reason for such a long period of inactivity

was the difficulty in growing adequate crystals. Large and good quality crystals suitable

for optical components were not available; also, the need for infrared transparency was

not generally felt.

It was not until 1955 that the refractive index for the wide range of transmission

(0. 29 to 53 ym) was measured by Rodney [1101 on several cesium iodide samples grown

by the Harshaw Chemical Company. The refractive indices were measured at temper-

atures near 15, 24, and 34 C by the deviation method. The temperature derivatives of

refractive index were determined for each wavelength and all data were reduced to 24 C.

He adopted a dispersion equation of the Sellmeier type, simplified to five terms, to fit

the reduced data. Although his dispersion equation fitted his data quite well, more terms

could have been included to advantage, since information on more than five absorption

bands was then available.

In the ultraviolet region, 0.20-0.25 gan, Lamatsch, Rossel, and Sauer [1111

derived the refractive indices from information on the transmission and reflection spec-

tra. Since they used vacuum-evaporated thin film samples, the wavelengths of the two

absorption bands obtained are higher than that of the bulk material. Large discrepancies

between this set of data and that calculated from Rodney's work are to be expected.

Values of the refractive index beyond the transparent region in the Infrared were

obtained by Vergnat, et al. (261 in 1969, by analyzing the reflection spectrum. They

found that the wavelengths of infrared absorption bands are 117.65 and 161.29 jWn at

room temperature. One of the two values is in close agreement with that of Rodney, as

shown in Table 87. As a matter of fact, the predominant contribution to the absorption

is due to the one band that Rodney used.

In the millimeter wavelength region, the refractive index at 2000 tan was obtained

by Dianov and Irisova [471 in 1966. Their result, n2 = 6.452 at room temperature, agree

to the first decimal place with the static dielectric constant given by Vergnat, et al. 1261.
This completes the record of the published activities in determining the refractive index

of Csl.

t- -
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From the available information, the data of Rodney were adopted as the basis

for the generation of recommended values. Since this set of data was measured at a

temperature of 297 K, corrections had to be made to reduce the data to 293 K. Rodney

[1101 discussed the temperature derivative of the refractive index quite thoroughly in

his paper; however, an equation for calculating dn/dT in general was not given.

The temperature coefficient of the refractive index of Cal unlike that of .iaez

alkali halides, has been measured over the whole transparent region. Using the existing

data on dn/dT and the parameters in Tables 2 and 3, a least-squares fitting of the data

to Eq. (19) was carried out. The results, together with those obtained for LiF, NaF,

NaC1, and KC1, provided the basis for the procedure discussed in subsection 2.2; see

also Figs. 2 and 3. These results were used to predict the unknown parameters of

Eq. (19) for all the twenty alkali halides, as given in Table 5. With these parameters

we can construct a formula for calculating dn/dT for Csl.

din n - 2.464 X' 242.76 X'
2n- =-14.70 (n2-1) - 5.53+ + , (61)

dT (X2 - 0.04752)2 (X2 - 26014.46)2

where dn/dT is in units of 10 - 5 K - 1 and X in 1-m.

Comparison of the predictions of Eq. (61) and the experimental data shown in

Fig. 67 shows excellent agreement except at two points, at about 0.30 and 0.35 jim.

From the fact that the constructed dn/dT formulas always agree with experimental data

at low wavelengths, as shown in dn/dT figures of LiF, NaF, NaCi, and KCl, we believe

that Eq. (61) gives reasonable estimates in the low wavelength region. Equation (61 ,

is confidently used to reduce the selected data to 293 K.

As listed in Table 3, the ultraviolet absorption spectrum of CsI between 0. 10

and 0.24 pri consists of seven absorption peaks. The infrared spectrum comprises two

fundamental absorption peaks, but the dominant effect on the refractive index is due to

the peak at 161. 29 pn. In the present work, the effects of all the absorption peaks on

the refractive index in the transparent region are taken into consideration, and the best

fit equation is used to calculate the refractive index of Cal at 293 K in the transparent

region, 0.25-67.0 pr.

0.68689 X2_ 0.26090X 2  0.06256X 2 _ 0.06527X 2

n2 = 1. 2758'7+ + + +

X2  (0.130)2 ),2 (0.147)2 2 (0.163)2 )2 (0.177)2
(62)

+ 0.14991 X2 + 0.51818 V + 0.01918 \ 2 + 3.38229 X2

V - (0.185)2 X_ (0.206)2 X2 - (0.218)2 )2 - (161.29)2

where X is in units of mn.

-~.1
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Equations (61) and (62) were used to generate the recommended values of
Arefractive index and its wavelength and temperature derivatives. In the table of recom-

mended values, more decimal places than needed are given, for tabular smoothness and

internal comparison. In using values from the iable, readers should follow the criteria

given below.

For refractive index:

Wavelength Range Meaningful Estimated
(sun) Decimal Place Uncertaity, ±

0.25- 0.35 4 0.0002
0.35-20.00 4 0.0001

20.00-40.00 4 0.0002
40.00-50.00 4 0.0005
50.00-67.00 3 0.001

For dn/dT:

0.25- 0.35 1 0.8
0.35- 1.00 1 0.5
1.00-50.00 1 0.3

50.00-67.00 0 1
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TABLZ 63. RECOMMENIDED VALUE3S 0ON THE REFRACTIV6 IDEX~ AND ITS WAVELENGrm AND
TEMPERATIME9 DEVATIVES 7(M C@l AT 663 K

-7d b/d? I a -b/d. bd?~r x -b/. b/CT
005~ -4 f- Ka ON Mt 10- K

4  
ImO 1- -

1.196 E.24436 6.76366 -4.464 8.566 J.79951 0.76697 -9.67 2.7S6 1.74%79 6.615? -9.46
6.292 2.19248 6.14296 .9.15 6.60 1.7116 6.194126 -9.66 Z.661 1.74471 $.$else -9.46
6.254 2.17616 ?.sleet -5.74 6.57 1.7 066f 6.14264 -9.61 2.656 1.74464 6.66144 -9.46
6.fst 2.16280 ?.WISIS -6.23 6.560 1.14664 6.17236 -9.65 t.966 W.4497 0.66638 -9.46
6.296 2.14634 t.6511 -6.65 6.916 1.76,1? 0.16276 -9.65 2.996 1.74459 6.6132 -9.46

1.266 I.135O46 .24e#3 -7.62 6.666 1.76599 6.15376 -9.64 3.666 104'443 6.96W4 -9.46
6.262 2.12333 5.6336 -7.32 6.620 1.76266 6.13761 -9.63 3.656 1.74431 6.0122 -9.46
8.26b 2.11196 S.S!137 -..5 0.646 1.76516 6.12462 -9.62 3.166 1.74431 6.66116 -9.46
6.266 2.16116 5.2616 -7.62 6.666 1.77770 0.1128C -9.61 3.194 1.74425 6.6114 -9.6
6.266 6.6946949 -8.63 6.66 101755? t.10262 -9.61 3.286 1.74420 6.0616 -9.46

6.276 2.66121 4.71416 -6.21 6.716 1.77363 0.69246 -9.66 3.256 1.?4"14 6.66167 -9.46
6.272 2.67262 4s.4193S -6.3? 10716 1.77166 0.06439 -9.59 3.366 1.74409 6.66103 -9.46
6.274 2.06326 4.21613 -6.I1 6.046 107702S 0.07726 -9.59 3.356 1.4414 0.60168 -9.48
6.274 2.1s1#96 4.6661 -6.64, 6.766 1.76t7y 6.67096 -9.56 3.448 3.74391 0.3689? -9.14
6.278 2.64703 3.81315 -..7 #.Foe W.0641 4.0652S -9.56 3.456 1.74394 0.6099 -9.%6

6.t66 2.63944 3.691!0 -6.8' 6.666 1.76611 6.06016 -9.57 3.S12 1.704396 0.6602 -9.46
6.26? 2.83222 3.9!7t? -6.94 6.626 1.76506 6.1s66 -9.57 3.556 2.4365 6.08696 -9.46
6-264 2t2536 3.30178 .9.62 6.6146 1.76392 6.15ISS -9.16 3.666 W.42,61 #.#foe? -9.46
6.EO6 2.6166? 3.24411 -9.89 6.66 1.76293 0.1085 -9.56 3.650 1.OWS7 6.06665 -9.46
6.266 2.61M3 3.111!5 -9.16 1.616 1W6201 0.14451 -9.56 3.766 1.04212 0.06063 -9.468

6.296 2.00612 2.96675 -9.21 6.966 1.7611! 0.6414? -9.55 3.756 1.7436e 0.00682 -9.46
8.292 2.60037 2.64963 -.. 7 6.926 1.76635 0.03671 -9.5! 3.666 1.74#364 6.00666 -9.47
1.294144 2.7!938 -9.32 6.946 1075960 6.63E19 -9.55 3.656 1.74e 6.6076 -9.47
6.296 1.969132 2.S!145 -9.36 8.966 t.75496 1.63M6 -9.64 3.913 1.74356 8.2867? -9.41
O.21M .61 2.51736 -t..41 6.966 1.75624 0.13176 -9.56 3.950 1.74052 6.6007% -9.47

6.306 1.97909 2.##6466 *9.41 1.666 1.75763 0.12S@4 -9.54 4.506 1.74341 0.00074 -9.47
6.395 1.10731 t.25399 -9.51 1.656 1.1562% 6.62SE5 -9.53 4.656 1.74345 0.06z73 -9.47
6.3t6 t.99651 E.81932 -9.5? 1.101 1.75565 0.62222 -9.63 4.L16 1.74.'41 1.61072 -9.47
6.315 1.94656 1 .964t -9.621 1.116 1.71661 6.61936 -9.92 4.154 J.7433F 8.86676 -9.47
0.326 1.93741 1.7f199 -9.66 1.286 1.15310 6.61701 -9.62 4.266 1.74314 4.486C9 -. 47

6.315 1.92693 1.W233 -9.69 1.216 1.75236 6.61162 -9.51 4.256 1.74!31 6.66616 -. 47
6.336 1.921)6 1.51713 -.. 7 1.366 1.75160 6.6133 -9.61 41.366 1.04321 6.66666 .4?
6.335 1.91373 1.41429 -q.73 1.350 1.15697 0.61189 -9.61 4.356 134 WI6.46? -9.47
1.3%6 1.90696 1.326(b -9.75 1.466 1.P5646 0.6100-1 -9.61 4.466 3062721 0.668(6 -9.47
6.345 1.96951 1.23167 -.. 7 1.496 2.741996 9.66156 -9.66 4.456 1.74317 6.60615 -9.47

6.356 1.69453 1.15666 -9.77 L.541 1.74944 @.Costs -9.56 4.666 1.70'14 0.601(5 -9.47
6.39S 1.4661 1.6614!F -41.70 1.650 1.7463 0.664 -9.56 4.556 1.?431216.666(4 -9.47

6361:66,363 1.624311 .7 1:666 1:74666. 6. 13 -. 6 4:666 1. ?0861 1.18013 .9.47
.35 .66 6.91541 -9.76 1.45 1. 3 6.661 -9. 4.651 1.74#361 6.660(3 -9.47

6.376 1.67397 69126 ~9 ?a 1.766 W.4081 6.65996 -9.66 4.706 1.74742 6.61662 -9-.71iI
.366 16653 6.11 9.17 See6 W.44, 6.66564 -9.49 4.666 1.74290 6.66622 -9.47

.651.86136 6.77262 -9.76 1.656 1.74721 6.66465 -9.49 4.656 1.76892 6.66041 -9.47
ISI 1.9 .56 .73335 -9. 6 1.94# 1.74699 6.C6436 -9.49 4.91966 %o 1.749 60(1 -9.47

6.3,9 1.66464 6.69676 -9 2.961 1.74MM 9.6139 -9.49 4.956 1.742664 6.8666 -94

g .466# 1.05664 $.Gift$ -9.76 1.666 1.14659 6.66171 -9.49 5.066 1.74263 6.64666 .0~
6.16 1.64433 6.6119 -9.77 2.619 1.74t41 0.10346 -1.41 5.166 1.7427 1.088!9 -9.0#7

6.42 1. :65 01.4794 -9.76 2.6 .4156673 -9.49 No#6 1.74271 0.88869 -6.47o
6.3 .636 6.64 -. 6 61961 1.:74661 :.6:3o2 -9.49 6.66 1746 6.1669 -9.47

6.446 1.62667 6.46682r -9.76 2.266 1.76194 6.41263 -9.49 5.466 17168 $.6665 -q.47

0.4608 1.6241 6.16211t -9.74 2.266 1.74561 6.66266i -9.411 5.666 1.74254 6.6666 -9.4?
6.466 1.0211 6.36915 -9.73 2.366 1.74566 6.621 -9.49 5.666 6.742,46 6.66660 -9.47
6.476 1.61637 6.399 -9.73 11.39f 1.7659 1.641,1 -9.49 5.766 1.74241 6.6161 -4.07

6.6 .11 6.2 -9.7 :.6 .44 .62 9.4 S.6486 1.43t 6.66666 *1.0
So49 1.691 .316 -o9.71 .49 .74533 to62 1 -946 5.966 1.74631 6.66626 94.467

0.566 1.66672 6.26662 -9.76 2.016 1.74M2 0.66218 -9.146 6.066 WWI22 6.66016 -9.46
0.616 1.66313 6.26616 -9.69 2.566 1.745113 6.66116 -90.46 6.1 1.74N16 $.$sale *9.%1
6.526 1.441134 6.29666 -9.691 .666 1.70644 6.6681 -9.4 6.266 1.7%161 6.6666 -.. 46
6.936 W1.7 1 6.tI670 -9.68 2.66 I.74495 $.09171 -9.4 6.366 1.74"67 6.96666 -9.46
6.646 I.P9664 6.2266 -9.47 2.766 1.74467 6.6616th -9.46 6.466 1.74266 6.66659 -9.464
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TABLE 63. RSCOMUENDWD VALUKI ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND)
TRUTIC.ATURE DERIVATIVES "( Cot AT 203 K (oomlmwM)

X a dA d/dT x. -h/d). 4k/Gr 7 -da/dO dodT
on 10-

4 -4 aa WAv' l0-4K-4 OM' 184 K'4

4.5661.1 .196 6.66#59 -9.1 15.866 3.73470 1.06116 -9.39 31.S89 1.6816t 6.66323 -6.72
* *.65* 1.71196 9.1419 -9.4t2 15.260 10349S5 $.#$SIT -9.39 36.666 1.66t23 6.66329 -6.69

6.?#6 1.74184 6.66#16 -.. 1 15.41.6 1.73531 1.66116 -1.31 36.66 1.6556 6.08315 -6.16
1.866 1.1,6174 8.1186P -1.5t 15.666 1.734,6 6.66126 -9.36 31.668 1.66181 4.00341 -41.62
f.966 10414) 6.5661 -9.54 15.066 1.73363 0.66122 -1.36 39.566 1.18117 0.S0,66 -61.59

7.666 1.74.161 6.66621 -9.4,2 16.011 1.03351 4.C0123 -q.38 1.0.20 1.6761.3 4.01352 -5.S6
7.106 1.11.166 6.66661 -4.1.( 16.t06 1.733341 0.1012S -9.36 45.566 1.61 0.68356 -6.53
7.26 1.71.15% 6.65622 -9.0.1 16.10 1.73309 0.10126 -9.37 41.666 1.674,65 0.60364 -6.41
7.366 1071816F 0.062 -9.1.1 16.660 1.13264 2.66125 -9.37 1.1.566 1.67362 G.al3?$ -6.4t2
7.IM2 1.711 1.66042 -9.44t 16.610 1.73256 6.8261 -9.37 42.666 1.b7112 6.66376 -6.42

7.560 1.71.135 6.613 -90.1.1 17.466 1.73232 0.60131 -9.37 *2.565 1.66924 1.86182 -6.38
7.600 1.716121 6.900(3 -. 41 17.266 1.7320f O.16133 -lost 43.000 1.66733 5.08389 -8.34.
?.?Go 1.71.12Z 6.61021. -9.6f 17.1.66 1.F3179 0.10134 -9.3t 43.500) 1.631 6.6019S -5.36
7.666 1.71.116 6.6914 -11.4t 17.660 1.73152 6.4116 -9.3t 1.4.000 1.1533@ 0.06401 -6.26
7.506 1.714109 0.66665 -91. 0.566 1.73124. 0.00137 -9.3! 44.560 1.G613t 0.18496 -6.21

0.900 1.74L13 .0016 -9.45 16.006 1.738q? C.C0139 -9.3S 45.666 1.05930 09041S -6.17
P.100 1.71#09e 6.40M4 -9.1.S 15.206 1. 3669 6.C6141 -9.35 1..56 1.55721 3.6641f21 -6.12
8.766 1.74010 5.6264 -9.45 16.440 1.73641 0.101412 -9.34 46.000 1.65569 8.50*26 -8.05
6.300 1.?4463 6.62647 -9.45 16.600 1.73012 0.2114 -9.34 4,5.500 1.65293 8.811435 -6.03
6.400 1.7fte6746.6061a -4.4! 16.666 1.72263 0.60146 -9.34 47.005 1.tS5273 6.004'2 -7.96

#.So0 1.11.069 45.11666 -9.41 19.6#0 1472954, t.0147 -9.3! 47.560 1.b4651 4.00449 -7.92
$.too 1.74063 2.46M0 -9.1.5 19.261 1.72924 0.60149 -9.33 45.666 1.14124 0.004!26 -7.87
6.766 1.75551 0.100 -9.65 19.4.61 1. 32sq4l 2.611 -9.33 18..56 1.51394 6.0044.4 -7.61
7t.860 1..4e 0.60170 -9.4! 19.611 1.72664 1.00152 -9.32 49.166 1.14,151 0.0471 -7.76
0.960 1.71.042 2.66071 -11.4! 19.610 1.77,833 0.61041 -9.32 1..56 1.63923 0.04,7?9 -?.?C

9.666 1.74634 1.6667? -9.4s 20.666 1.72802 6.60152 -9.32 50.500 1.63182 D.1046 -7.5'.
9.166 1.71.6Z1 6.61172 -9.4! 20.560 1.72723 6.60160 -9.31 50.500 1.13437 0.00%54 7T.56
5.266 1.746on 4.8#673 -9.4!2 C1.616 1.?2(42 1.10111. -9.38 51.606 1.53166 0.665G2 7T.51
9.396 1.71013 6.64013 -9.42 21.908 1.72559 0.98118 -9.29 51.566 1.1293 0.66516 -7.45
9.466 1.M4,00 6.#6*74 -9.1.4 22.650 1.72474 2.66172 -9.28 52.100 1.12671 6.66516 -7.39

9.500 1.73S96 :::1171 -..%4 22.566 1.72317 C.00177 -9.2? 52.500 1.22416 #.60526 -7.31
9.606 1.73990 1 Its~ -9.41. 23.606 1.72296 0.10181. -9.21 53.006 1.62153 6.00534 -7.?!
5.766 1073963 6.0667. -9.41. 23.566 1.7t26 0.61615 -g.es 53.501 1.618f 0.15543 -7.11
9.600 1.?3975 Z.67 94, 406 17112 0:61'S -. 3 5.0 .11 .52 7C

9.966~~~~~~~~~~~~ :.35 .67 94 456 1101 0611 9.22 54:500 1.:1611 .050 70

18.680 x.73q1 0.30076 -9.44 29.605 1.71 16 3.40199 -9.21 55.666 1.F1656 0.60569 -5.17
16.260 1.73944 6.0t080 -90,4 29.556 1.71817 C.10203 -9.2C 55.566 1.65154 6.06576 -6.84
11.06 1.?39?8 5.06051 -9.44 26.666 1.71715 6.66205 -9.16 56.646 1.614?3 6.66567 -6.75
10.66 1.;3411 1.9c60? -9.44 26.561 1.71610 6.66212 -9.17 55.560 1.4617 6460596 -6.etS
10.600 1.73655 6.660*1. -9.43 27.600 1.11002 0.10217 -9.15 51'.086 1.9977 0.50605 -6.5?

11.666 1.?3674 6.65045 -9.1.3 M7510 1.11393 0.10221 -9.14 57.506 1.59!72 6.68615 -6.47
11.290 1.7361 6.96147 -9.4.3 26.610 1071281 0.00226 -9.12 56.810 1.9262 0.8662 .6.37
16.16 1.7381.3 .606068 -9.4.3 20.510 1.71167 6.44231 -9.11 56.566 1.S694? 6.666341 -6.27
12.606 1.7364 6.80189 -6.43 294661 1.11150 6.10236 -9.89 59.600 1.S6f2 0.66645 -6.11
14.800 1.73804 1.64091 -9.43 '9.518 1.01932 0.C221 -9.52 59.560 1.56303 20655 -6.06

12.066 1.73751 0.66612 -9.42 30.616 1.7661 6.60245 -91.66 66.6 I.S7973 6.6061.5 -5.15
12.266 1.73771 6.646118 -9.42 31.516 1.76(61 6.66255 -9.64 60.9#6 1.17137 0.5066 -S.63

1246 17352 6.665 9.42 31.666 1:756 .622 99261.612! 17 9 06667 -57
it.66 1.13?32 6.69 4912 31.566 1. 31 6.65 -9.56 61.0 1st99 6.60596 -5.59
12.666 1.?3713 6.16M -5.42 32.010 1.75309 1.662fS -6.96 62.666 1.60199 6.66769 -5.47

is1.#06 1.?3693 6.51150 -9.40i 32.6 1.78166 0.60276 -6.95 52.566 1.5621.2 4.68026 -5.34
13.280 1.?3673 6.51611 -9.411 33.616 1.78630 00275 -6.94 63.666 1.55679 6.6671 -5.2c
13.6 1.73453 0.66163 -9.41 33.566 1.69691 8.110266 -5.92 53.516 1.55516 4.60744. -5.06
13.666 1.?3632 6.611.4 -9.41 311.666 1.6196 6.10205 -6.96 54.144 1.59136 1.917S4 -4.92
13.506 1.73611 6.061166 -9.41 34.566 1.2966 6.602M -8.87 64.555 1.5*415 65.6676 -1?

114.66 1.73549 6.061#7 -5.41 39.656 1.160 5.66296 -$.55 66.666 1.61.164 $.Gores *.of
14.266 1.1396 60.5#109 -9.56f 35.510 1.4931 16866361 -6.52 6S.1166 1.5197%4, .6793 -4.466

It5.10 1,546 0.85111 -9.56 36.666 1.691156 6.60307 -6.66 6666v 1.6357 6.6606 -4.30s
l*.616 1.?3524. 6.56112 -9.561 30.166 1.29064 1.16312 -6.?? 6b.66 1.51166 6.6619 -4.1*
14.856 1.13961 1.68114. -9.351 37.066 1.661.6 6.64W1 -6.74 61.66 I.62766 0.1#833 -3.60

*In this table owe leewWa places are repried tha mwteMd merely for the pwpm of tabular amootkin., mm! Imeml ecowirs.
For meamUn~*a deialJ place and -,n rtaftales at tabologed values In varlmai wavelonrth raiW. see th. ton of edeeotim 3.60o.
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4. CONCLUSIONS AND RECOMMENDATIONS

Experimental data on the refractive index of alkali halides and its temperature

coefficient are exhaustively surveyed and reviewed. In addition, a number of physical

properties which are related to the dispersion phenomena are selected from the open

literature.

The distribution of the refractive index data among the twenty alkali halides is

not even. LIF, NaC1, KCl, and KBr were extensively measured; NaF, KI, CsBr, and

CsI received reasonable care; NaBr, KF, RbCl, RbBr, RbI, and CsCI were scantily

and limitedly observed; while LiC1, LiBr, Lil, NaI, RbF, and CsF were practically

totally ignored, except at a single wavelength.

The situation is even worse in the case of the temperature coefficient of refractive

index. LIF, NaF, NaC1, KC1, and CsI were scantily investigated over a sizable wave-

length range; KBr and KI were measured only over a limited wavelength region. No

observation was made for the remaining 13 alkali halides.

The purpose of the present work is to generate recommended values on the

refractive index and its temperature coefficient for all of tb twenty alkali halides. This

objective is now achieved. Equations (23) to (62) were constructed by either least-squares

fitting of the selected available data to Eq. (10) or by correlating the related properties

and empirical parameters.

Based on the dn/dT data of the five materials, LIF, NaF, NaCl, KCI, and CsI,

two interesting facts were discovered (as discussed in section 2.2) and used to predict

the unknown parameters of Eq. (19) for all the alkali halides. The results calculated

by the constructed dn/dT formulas agree very well with the available data.

I Equations (23) to (62) were used to generate recommended values of n, dn/dX

and dn/dT for bulk materials at 293 K; these are summarized in Figs. 68, 69, and 70.
It should be noted that the formulas based on scanty or null data are subject to further

modification and expansion when experimental data are available.

The technology related to high-power infrared lasers is progressing rapidly and,
3consequently, there is an increasing need for determining the effects that exposures to

high-power laser beams have on materials. Among other things, the refractive index

of alkali halides at elevated temperatures are needed. Unfortunately, an exhaustive

survey of the literature, as in the present work, shows that refractive indioes are only

available at about room temperature and at a few specified temperatures such as that

of liquid nitrogen, liquid helium, etc. In a limited number of cases, the temperature
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coefficient of refractive index has also been measured in the vicinity of room temperature.

46 Because of this lack in high-temperature data, some of the recent effort has been devoted

to obtaining refractive indices at elevated temperatures. However, these activities are

focused only on measurements at a few spectral lines characterizing the lasers of inter-

est. Consequently, our basic knowledge of the refractive index at high temperatures

is still scanty. For the purpose of providing useful data to modern scienct. and technol-

ogy, as well as for the future development of optical devices, a well-planned and systematic

program of measurement of the refractive index for selected materials, including alkali

halides, over a wide range of temperatures and wavelengths is highly recommended.

II

Urn



255

5. REFERENCES

1. National Materials Advisory Board, "High-Power Infrared-Laser Windows,"

National Academy of Sciences-National Academy of Engineering, Washington, D.C.,

Publication NMAB-292, 168 pp., 1972.

2. Smakula, A., "Physical Properties of Optical Crystals with Special Reference

to Infrared," Office of Technical Services, U. S. Dept. of Commerce Document

No. 111,052, 2 8 6 pp., 1952.

3. Ballard, S. S., McCarthy, K. A., and Wolfe, W. L., "Optical Materials for Infrared

Instrumentation," Michigan Univ., Willow Run Lab., Rept. No. 2389-11-5, 115 pp.,

1959. [AD217 3671

4. Coblentz, W. W., "Transmission and Refraction Data on Standard Lens and Prism

Material with Special Reference to Infrared Spectroradiometry, "J. Opt. Soc. Amer.,

4, 432-47, 1920.

5. Winchell, A. N. and Winchell, H., The Microscopical Characters of Artificial In-

organic Solid Substances, 3rd Edition, Academic Press, New York and London,

1964.

6. Landolt-Btrnstein, Physikalisch-Chemische Tabellen, 5th Edition, Vol. 2, 911-22,

1923; Vol. 3, 1467-72, 1935; 6th Edition, Vol. 2, No. 8, 2-405 - 2-432, 1962.

7. Gray, D. E. (Editor), American Institute of Physics Handbook, 3rd Edition, McGraw-

Hill Book Co., New York, 2342 pp., 1972.

8. Weast, R.C. (Editor), Handbook of Chemistry and Physics, The Chemical Rubber

Co., Ohio, 1969.

9. Stull, D.R. and Prophet, H., "JANAF Thermochemical Tables," National Standard

Reference Data Series - National Bureau of Standards NSRDS-NBS 37, 1141 pp.,

1971.

10. Wolfe, W. L., Handbook of Military Infrared Technology, U.S. Government Printing

Office, Washington, D.C., 906 pp., 1965.

11. Trost, K. F., "Thermal Expansion of Alkali Halides of the Na-Cl Type at High

and Low Temperatures, " Z. Naturforsch., B18(8), 662-4, 1963.

12. Kirchner, H.P., Scheetz, H.A., Brown, W.R., and Smyth, H.T., "Investigation

of Theoretical and Practical Aspects of the Thermal Expansion of Ceramic Mater-

ials, " Cornell Aeronautical Lab. Rept., 101 pp., 1962. [AD 296 1881



256

13. Lowndes, R. P. and Martin, D. H., "Dielectric Dispersion and the Structures of

Ionic Lattices," Proc. Roy. Soc., A308, 473-96, 1969.

14. Jasperse, J.R., Kahan, A., and Plendl, J.N., "Temperature Dependence of In-

frared Dispersion in Ionic Crystals LF and MgO, "Phys. Rev., 146(2), 526-42,

1966.

15. Genzel, H.H. and Weber, R., "Dispersion Measurement on NaC1, KCl, and KBr

Between 0.3 and 3 mm Wavelength," Z. Phys., 154, 13-8, 1959.

16. Handi, A., Claudel, J., Chanal, D., Strimer, P., and Vergnat, P.,

"Optical Constants of Potassium Bromide in the Far Infrared, " Phys. Rev., 163(3),

836-43, 1967.

17. Ramachandran, G.N., "Thermo-optic Behavior of Solids, v. Alkali Halides," Proc.

Indian Acad. Sci., 25A, 481-97, 1947.

18. Tsay, Y. F., Bendow, B., and Mitra, S. S., "Theory of the Temperature Derivative

of the Refractive Index in Transparent Crystals, " Phys. Rev., 18(6), 2688-96,

1973.

19. Lowndes, R. P., "The Temperature Dependence of the Static Dielectric Constant

of Alkali, Silver, and Thallium Halides, " Phys. Lett., 2(1), 26-7, 1966.

20. Andeen, C., Fontanella, J. , and Donald, S. , "Low-Frequency Dielectric Constant

of LiF, NaF, NaC1, NaBr, KC1, and KBr by the Method of Substitution, " Phys.

Rev., B2(12), 5068-73, 1970.

21. Kartheuser, E., "Polarons in Ionic Crystals and Polar Semiconductors," (Devreese,

J.T., Editor), North-Holland/American Elsevier, 717-33, 1972.

22. Hody, J.W., Borders, J.A., and Brown, F.C., "Cyclotron Resonance of the

* Polaron in KCl, KBr, KI, RbCI, AgCl, AgBr, and TICl," Phys. Rev. Lett., 19(17),

*952-5, 1967.

23. Hilsch, R. and Pohl, R.W., "Dispersion Frequencies of Alkali Halides in the

Schumann Region," Z. Phys., 59, 812-9, 1930.
'a

24. Schneider, E.G. and O'Bryan, H. M., "The Absorption of Ionic Crystals in the

Ultraviolet, " Phys. Rev., 51(5), 293-8, 1937.

25. Handi, A., Claudel, J., Morlot, G., and Strimer, P., "Transmission and Reflection

Spectra of Pure and Doped Potassium Iodide at Low Temperatures," Appl. Opt.,

7(1), 161-5, 1968.

I



257

26. Vergnat, P., Claudel, J., Handi, A., Strimer, P., and Vermillard, F., "Far

Infrared Optical Constants of Cesium Halides at Low Temperatures," J. Phys.,

30(8-9), 723-35, 1969.

27. Gyulai, Z., "The Dispersion of Some Alkali Halides in Ultraviolet Region," Z.

Phys., 46, 80-7, 1927.

28. Schneider, E.G., "Optical Properties of Lithium Fluoride in the Extreme Ultra-

violet," Phys. Rev., 49(9), 341-5, 1936.

29. Hohls, H. W., "Dispersion and Absorption of Lithium Fluoride and Sodium Fluoride

in the Infrared, " Ann. Phys., 29, 433-48, 1937.

30. larting, H., "The Optical Aspect of Some Crystals and Their Representation by

the Hartmann Equation, " Z. Instrum., 63, 125-31, 1943.

31. Durie, D. S. L., "The Refractive Indices of Lithium Fluoride," J. Opt. Soc. Amer.,

40(12), 878-9, 1950.

32. Tilton, W. L. and Plyler, E.K., "Refractivity of Lithium Fluoride With Application

to the Calibration of Infrared Spectrometers, " J. Res. Nat. Bur. Stand., 47(1),

25-30, 1951.

33. Bispinck, H., "Optical Determination of the Thickness and Refractive Index of

Non-Absorbing Thin Films on the Metallic or Glass Substrates, " Optik, 255(3),

237-48, 1967.

34. Roessler, D. M. and Walker, W. C., "Optical Constants of Magnesium Oxide and

Lithium Fluoride in the Far Ultraviolet, "J. Opt. Soc. Amer., 57, 835-6, 1967.

35. Kato, R., "Optical Properties of LiF in the Extreme Ultraviolet," J. Phys. Soc.

,Jap., 16, 2525-33, 1961.

36. Frb'hlich, D., "The Optical Constants of LiF in the Region of Infrared Character-

istic Frequencies, " Z. Phys., 169, 114-25, 1962.

37. Frb'hlich, D., "Temperature Dependence of the Optical Constants of LiF in Region

of Infrared Characteristic Frequencies," Z. Phys., 177, 126-37, 1964.

38. Genzel, L. and Kller, M., "Spectral Investigations in the Region Around I mm

Wavelength. III. Dispersion Measurements on LiF, " Z. Phys., 144, 25-30, 1956.

39. Hellmann, G., "The Temperature Dependence of the Optical Constants of LiF in

the Region of Infrared Characteristic Frequencies, "r Z. Phys., 152, 368-83, 1958.



258

40. Gottlieb, M., "Optical Properties of Lithium Fluoride in the Infrared, "J. Opt.

Soc. Amer., 50(4), 343-9, 1960.

41. Shklyarevskli, I.N., El-Shazli, A.F.A., and Govorushchenko, A.I., "Dispersion

of the Refractive Index in Magnesium Fluoride, Lithium Fluoride, and Cryolite

Films," Opt. Spektrosk., 32(4), 769-71, 1971.

42. Lukirskii, A. P., Savinov, E. P., Ershov, 0. A., and Shepelev, Yu. F., "Reflection

Coefficients of Radiation in the Wavelength Range from 23.6 to 113 1 for a Number

of Elements and Substances and the Determination of Refractive Index and Absorp-

tion Coefficients," Opt. Spectros. (USSR), 16(2), 168-72, 1964.

43. Ramaseshan, S., "Faraday Effect in Some Cubic Crystals, " Ind. Acad. Sci., Proc.,

A25, 459-66, 1947.

44. Zarzyskl, J. and Naudin, F., "Index of Refraction and Refractivity of Molten Salts,"

Compt. Rend., 256, 1282-5, 1963.

45. Spangenberg, K., "Density and Refraction of Alkali Halides, " Z. Kristallogr.,

57, 494-534, 1923.

46. Abeles, F., "The Determination of the Refractive Index and Thickness of Trans-

parent Thin Films," J. Phys. Radium, 11(7), 310-14, 1950.

47. Dianov, E.M. and Irisova, N.A., "Measurement of the Refractive Index of Crystals

Having NaCl- and CsCl-Type Structures, " Sov. Phys. Solid State, 8(7), 1807-8,

1967.

48. Radhakrishnan, T., "The Dispersion Formulae of the Alkali Halides," Proc. Indian

Acad. Sci., 27A, 165-70, 1948.

49. Sano, R., "Optical Properties of NaF Single Crystals in VUV Region," J. Phys.

Soc. Jap., 27(3), 695-705, 1969.

)0. Kublitzky, A., "Some Optical Constants of Alkali-Halide Crystals," Ann. Phys.,

,. 20, 793-808, 1934.

1, Handall, C. M., "Interferometric Measurements of the Far IR Refractive Index

of N aF at Low Temperature," U.S. Air Force Rept. SAMSO-TR-70-304, 1970.
AP 71 0641

k randall, C. M., "Interferometric Measurements of the Far-Infrared Refractive

Inde.x of NaF at Low Temperature, " Aspen International Conference on Fourier

*jpectroacopy (1970), '371-6, 1971.

71" - - _ _ _ __ _ _ _



259

53. Stefan, J.M., "The Influence of Heat on the Light Refraction of Solids, " Sitzungsber.

Akad. Wiss. Wien, 2, 63, 223-45, 1871.

54. Martens, F. F., "The Dispersion of Ultraviolet Radiation, " Ann. Phys., 6, 603-40,

1901.

55. Paschen, F., "The Dispersion of Rocksalt and Sylvite in Infrared," Ann. Phys.,

26, 120-38, 1908.

56. Langley, S. P., "The Dispersion of Rock Salt and Fluorite, " Ann. Astrophys. Obs.

Smithsonian Inst., 1, 219-37, 1900.

57. Kellner, L., "Investigations in the Spectral Region Between 20 and 40 Microns,"

Z. Phys., 56, 215-34, 1929.

58. Rubens, i1. and Nichols, E. F., "Experiments With Heat Radiations of Long

Wavelengths," Ann. Phys. Chem., 60, 418-62, 1897.

59. Rubens, 11. and Trowbridge, A., "Contribution to the Knowledge on the Refractive

Index and Absorption of Infrared Radiation for Rocksalt and Sylvite," Ann. Phys.

Chem., 60, 724-39, 1897.

60. Borel, G.A., "The Refraction and Dispersion of Ultraviolet Radiation in Some

Crystallized Substances," Compt. Rend., 120, 1404-6, 1895.

61. Cartwright, C. Hi. and Czerny, M., "Dispersion Measurements on NaC1 and KCI

in the Far Infrared Region. II., " Z. Phys., 90, 457-67, 1934.

62. Geick, R., "Dispersion of NaCl in the Region of Infrared Characteristic Frequencies,"

Z. Phys., 166, 122-47, 1962.

63. Vinogradov, E. A., Dianov, E. M., and Irisova, N. A., "Michelson Interferometer

Used in Measuring the Refractive Index of Dielectrical Materials in the Region of

the 2 mm Wavelength, " Radiotekh. Elektron., 10, 1804-8, 1965.

64. Czerny, M., "Measurements on the Refractive Index of NaCI in the Infrared to
Prove the Dispersion Theory," Z. Phys., 65, 600-31, 1930.

65. Barbaron, M., "Refraction of Solids Measured at Low Temperature," Ann. Phys.,

6, P99-959, 1951.

66. Roessler, D.M. an] Walker, W. C., "Optical Constants of Sodium Chloride and

Potassium Chloride in the Far Ultraviolet," J. Opt. Soc. Amer., 58, 279-81,

1968.

N

'1i



260

67. Marcoux, J., 'Measurement of the Index of Refraction of Some Molten Ionic Salts,"

Rev. Sci. Instrum., 42(5), 600-2, 1971.

68. Dianov, E.M. and Irisova, N.A., "Determination of the Absorption Coefficient

of Solids in the Short-Wave Region of the Millimeter Band, "J. Appl. Spectros.

(USSR), 5(2), 187-9, 1966.

69. Mitskevich, V.V., "Dynamical Theory of NaCi-Type Ionic Crystals. II. Dielectric

and Optical Properties, " Soy. Phys. Solid State, 3(10), 2211-7, 1962.

70. Rubens, H., "The Dispersion of Infrared Radiation, "Wied. Ann., 45, 238-61,

1892.

71. Rubens, H. and Snow, B.W., "Refraction of Long Wavelength Radiation in Rocksalt,

Sylvite, and Fluorite, "Wied. Ann., 46, 529-41, 1892.

72. Rubens, H., "The Ketteler-Helmholtz Dispersion Formula," Wied. Ann., 54,

476-85, 1895.

73. Rubens, H., "The Dispersion of Infrared Radiation in Fluorite," Wied. Ann.,

51, 381-95, 1894.

74. Martens, F. F., "The Dispersion of Fluorite, Sylvite, Rocksalt, Quartz, and

Calcite, as Well as the Dispersion of Diamond," Ann. Phys., 8, 459-65, 1902.

75. Cartwright, C.H. and Czerny, M., "Dispersion Measurements on NaC1 in the

Far Infrared," Z. Phys., 85, 269-77, 1933.

76. Pulfrich, C., "The Influence of the Temperature on the Refraction of Glasses,"

Ann. Phys. Chem., 45(4), 609-65, 1892.

77. Miyata, T. and Tomiki, T., "Optical Studies of NaCl Single Crystals in 10 eV

Region. II. The Spectra of Conductivity at Low Temperatures, Absorption Con-

stant and Energy Loss, "J. Phys. Soc. Jap., 24(6), 1286-302, 1968.

78. Miyata, T. and Tomiki, T., "The Urbach Tails and Reflection Spectra of NaC1

Single Crystals," J. Phys. Soc. Jap., 22(1), 209-18, 1967.

79. Joubin, P., "The Rotary Magnetic Dispersion," Ann. Chim. Phys., 6, 16, 78-144,

1889.

80. Dufet, M. H., "Comparative Measurements of the Refractive Indices Measured

by the Prism and the Total Reflection," Soc. Francaise Min. Cristallo. Bull.,

14, 130-48, 1891.



261

81. Micheli, F.J., "The Influence of the Temperature on the Ultraviolet Radiation

Dispersion in Fluorite, Rocksalt, Quartz, and Calcite," Ann. Phys., 4, 7, 772-89,

1902.

82. Liebreich, E., "The Change of the Refractive Index With the Temperature in the

Infrared Region for Rocksalt, Sylvite, and Fluorite, " Verh. Deut. Phys. Ges.,

13(1), 1-18, 1911.

83. Liebreich, E., "The Optical Temperature Coefficient for Rocksalt, Sylvite, and

Fluorite in the Region of Lower Temperatures," Verh. Deut. Phys. Ges., 13(18-19),

700-12, 1911.

84. Langley, S. P., "The Invisible Spectra," Ann. Chem. Phys., 6, 9, 433-506, 1886.

85. Wulff, P. and Schaller, D., "Refractometric Measurements on Crystals and

Comparison of Isomorphic Salts With Noble Gas Resembling and Non-Resembling

Cations. 8. Communication About Refraction and Dispersion of Crystals," Z.

Kristallogr., 87, 43-71, 1934.

86. Bauer, G., "Absolute Values of the Optical Absorption Constants of Alkali-Halide

Crystals in the Region of Their Ultraviolet Characteristic Frequencies, " Ann.

Phys., 5, 19, 434-64, 1934.

87. Wulff, P. and Heigl, A., "Refractometric Measurements on Crystals," Z. Kristallogr.,

77, 84-121, 1931.

88. Wulff, P., "An Interferometric Method to Determine the Refraction in Crystals,"

Z. Elektrochem., 34, 611-6, 1928.

89. Tomiki, T., "Optical Constants and Exciton States in KC1 Single Crystals. I. The

Low Temperature Properties, "J. Phys. Soc. Jap., 22(2), 463-87, 1967.

90. Vishnevskil, V. N., Kulik, L. N., and Romanyuk, N.A., "On the Refractive Prop-

erties of Alkali-Halide Single Crystals in the Vacuum Ultraviolet Region," Opt.

Spectros. (USSR), 22(4), 317-8, 1967.

91. Johnson, K. W. and Bell, E. E., "Far-Infrared Optical Properties of KC1 and KBr,"

Phys. Rev., 187(3), 1044-52, 1969.

92. Durou, C., Giraudou, J., and Moutou, C., "Refractive Indices of Aqueous Solu-

tions of CuSO4 , ZnSO4 , AgNO 3, KC1, and 112SO4 for He-Ne Laser Light at 0 = 25 C,"

J. Chem. Eng. Data, 18(3), 289-90, 1973.

93. Trowbridge, A., "The Dispersion of Sylvite and the Reflectivity of Metals," Ann.

Phys., 3, 65, 595-620, 1898.

__
- - -.I



262

94. Wulff, P. and Anderson, T. F., "A New Rotating Prism Method to Photographic

Determination of the Dispersion. II. Report on Refraction and Dispersion of

Crystals," Z. Phys., 94, 28-37, 1935.

95. Sprockhoff, M., "Contributions to the Relationships Between the Crystal and Its

Chemical Stability," Neues Jahrb. Mineral., Geol. Palaeonlt., Beilage, 18, 117-54,

1904.

96. Spindler, R.J. and Rodney, W.S.. "Refractivity of Potassium Bromide for Visible

Wavelengths," J. Res. Nat. Bur. Stand., 49(4), 253-62, 1952.

97. Stephens, R.E., Plyler, E.K., Rodney, W.S., and Spindler, R.J., "Refractive

Index of Potassium Bromide for Infrared Radiant Energy," J. Opt. Soc. Amer.,

43(2), 110-2, 1953.

98. Forrest, J.W., "Refractive Index Values for Potassium Bromide," J. Opt. Soc.

Amer., 32, 382, 1942.

99. Gundelach, E., "The Dispersion of KBr Crystal in the Infrared, " Z. Phys., 66,

775-83, 1930.

100. Korth, K., "Dispersion Measurements on Potassium Bromide and Potassium

Iodide in the Infrared Region, "1 Z. Phys., 84, 677-85, 1933.

101. Topsoe, H. and Christiansen, C., "Optical Researches on Some Series of Iso-

morphous Substances," Ann. Chem. Phys., 1, 5-99, 1874.

102. Bell, E. E., "The Use of Asymmetric Interferograms in Transmittance Measure-

ments, "J. Phys., 28(3-4), C2-18- 25, 1967.

103. Eldridge, J. E. and Kembry, K.A., "Further Measurements and Calculations of

the Far-Infrared Anharmonic Optical Properties of KI Between 12 and 300 K,"

Phys. Rev., B8(2), 746-55, 1973.

104. Berg, J.I. and Bell, E.E., "Far-Infrared Optical Constants of KI, " Phys. Rev.,
, B4(10), 3572-80, 1971.

105. McCarthy, D.E., "Transmittance of Six Optical Materials from 0.2 tm to 3.0 Am,"

Appl. Opt., 7(6), 1243, 1968.

106. Baldini, G. and Rigaldi, L., "Ultraviolet Optical Constants of Thin Films Deter-

mined by Reflectance Measurements, "J. Opt. Soc. Amer., 60(4), 495-8, 1970.

107. Rodney, W.S. and Spindler, R.J., "Refractive Index of Cesium Bromide for Ultra-

violet, Visible, and Infrared Wavelengths, "J. Res. Nat. Bur. Stand., 51(3), 123-6,

1953.



263

108. Rodney, W.S. and Spindler, R.J., "Refractive Indices of Cesium Bromide," J.

Opt. Soc. Amer., 42(6), 431, 1952.

109. Geick, R., "Dispersion Measurements on CsBr in the Region of Its Infrared Char-

acteristic Frequencies, " Z. Phys. , 163, 499-522, 1961.

110. Rodney, W.S., "Optical Properties of Cesium Iodide," J. Opt. Soc. Amer., 45(11),

987-92, 1955.

Ill. Lamatsch, H., Rossel, J., and Saurer, E., "The Optical Constants of CsI in the

Excitonic Region, " Phys. Status Solidi, B49(1), 311-6, 1972.

112. Fedyukina, G.N. and Zlenko, V.Ya., "Determination of the Refractive Index of

Transparent Bodies using a Scratch and Immersion Liquids," Zap. Vses. Mineral.

Obshchest., 101(3), 374-5, 1972.

113. Kolosovskii, 0. A. and Ustimenko, L. N., "Measurement of the Temperature

Coefficient of the Refractive Index of Infrared Materials Using a CO 2 Laser," Opt.

Spectros. USSR., 33(4), 430-1, 1972.

114. Fowles, G. R., Introduction to Modern Optics, Holt, Rinehart and Winston, Inc.,

New York, 304 pp., 1968.

i

1,4



DAT

FILMED

.71

DT


